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PREFACE. 


The  author  of  this  strictly  elementary  series  does 
not  design  it  to  take  the  place  of  the  more  elaborate 
works  already  in  use,  where  extensive  apparatus  is  at 
the  command  of  the  teacher  ;  but  having  been  con- 
vinced from  observation  that  the  greater  number  of 
our  academies  and  schools  where  Chemistry  is  pro- 
fessedly taught  are  destitute  of  the  apparatus  neces- 
sary to  illustrate  the  text-books  used,  and  that  these 
text-books  are  not  adapted  to  the  wants  of  our  primary 
schools,  he  respectfully  presents  tliis  work,  believing 
these  objections  to  be  in  some  measure  obviated. 

The  instructor  in  this  important  branch  of  popular 
education  will  find  a  few  dollars'  worth  of  apparatus 
sufficient  to  enable  him  to  perform  all  the  most  beau- 
tiful and  striking  experiments  embraced  in  large  trea- 
tises, as  well  as  the  newly-discovered  ones  contained 
in  this. 

The  aim  has  been  to  divest  the  subject  of  technical- 
ities, and  to  present  each  natural  division  in  a  strictly 
practical  form,  illustrated  by  diagrams  and  experi- 
ments so  simplified  as  to  be  within  the  comprehension 
of  the  youth  as  well  as  the  adult. 

The  Imponderable  Agents  have  not  been  introduced, 
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for  two  reasons :  1st.  The  limits  of  this  work  would 
not  permit  it ;  2d.  They  are  invariably  introduced  and 
treated  at  length  hy  authors  upon  Natural  Pliilosophy. 

The  teacher  and  pupil  will  soon  discern  that  this 
work  is  practically  experimental,  each  of  the  numer- 
ous experiments  contained  in  it  having  been  performed 
by  the  author  in  various  ways,  and  the  simplest  mode 
only  described. 

Every  experienced  instructor  is  aware  of  the  diffi- 
culty he  invariably  encounters  when  attempting  to  il- 
lustrate a  chemical  decomposition  to  students  who  are 
not  familiar  with  Chemical  Symbols.  With  a  view 
to  imprint  these  more  firmly  upon  the  mind,  they  are 
invariably  used  (after  once  introduced)  in  place  of  the 
name  of  the  element  or  compound  for  which  they 
stand,  the  name  following  in  parentheses.  The  teach- 
er will  also  notice  that  a  great  number  of  new  and 
simple  diagrams  have  been  introduced,  in  order  to  ren- 
der decompositions  and  combinations  entirely  clear  to 
the  student.  These  diagrams  should  be  drawn  upon 
the  black-board  and  explained,  which  will  be  found  the 
most  expeditious  and  thorough  method  of  illustrating 
the  chemical  changes  contained  in  each  lesson.  Thus 
the  student  will  soon  become  fai  iliar  with  the  ex- 
pressive language  of  Chemistry,  and  necessarily  de- 
lighted with  the  certainty  and  beauty  of  the  results 
produced. 
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The  Illustration,  gives  a  general  view  of  the  Apparatus 
furnished  to  illustrate  Foster's  Chemistry.  It  has  been, 
prepared  under  the  direction  of  the  Author,  and  contains 
all  that  is  necessary  in  order  to  perform  the  experiments 
introduced.     It  consists  of  the  following  articles  : 

Pneumatic  Trough.  Brass  Bladder  Piece. 

India-rubber  Gas  Bag.  Brass  Double  Connector. 

Ivory  Mouth-piece.  Glass  Stoppered  Retorts  (3). 

Retort  Stand.  Glass  Stoppered  Receiver. 

Spirit  Lamp.  Glass  Funnel. 

Sand  Bath.  Glass  Funnel  Tube. 

Lead  Tray.  Glass  Gas  Flasks  (3). 

Hydrogen  Pistol.  Transfer  Bell-glass,  with  Cap. 

Hessian  Crucibles.  Glass  Test  Tubes  (13),  with 
Brass  Stop-cocks  (3).  Stand. 

Brass  Jets  (2).  Glass  Tubes,  bent  and  strait. 

Brass  Tube  for  Bubble  Pipe.  India-rubber  Connectors. 

The  following  Chemicals  not  usually  to  be  obtained 
from  country  druggists,  are  also  included : 

Potassium.  Sodium. 

Chlorate  of  Potassa.  Phosphorus. 

Oxide  of  Manganese.  Fluor  Spar. 

The  Apparatus  is  furnished,  carefully  packed  for  trans- 
portation, Price  $23  00. 

The  Author  has  also  prepared  a  large  Engraved  Chart 
of  the  Organic  Elements,  size  69  by  70  inches.  It  is 
beautifully  colored  and  mounted  on  rollers,  and  will  be 
found  very  useful  in  the  class-room.     Price  $4  00. 
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LESSON  I. 
What  does  chem-       Chemistry  teaclies  US  how  manv  kinds 

istry  teach  us  ? 

of  matter  there  are  in  nature  around  us. 
What  does  it  also  It  also  shows  US  liow  One  kind  of  matter 

show  ? 

behaves  toward  another  when  brought  in 
Give  the  example,  coutact.  Example:  Lard  and  water  will 
If  lye  be  added,  uot  mix,  thousfh  We  applv  heat.     Now  if 

what  follows ?  ,  II-  •  1  r- 

we  add  lye,  all  three  bodies  unite,  and  lorm 
What,  then,  do  we  soap.     So  We  infer  that  water  does  not  at- 

infer  ? 

tract  lard,  nor  lard  water ;  but  that  lye  at- 
tracts both,  and  thus  draws  them  together. 
By  what  is  the  be-  The  bcliavior  of  the  lard,  water,  and  lye 

haviorofthelard, 

water,  and  lye  is  Controlled  by  what  chemists  call  Aifini- 

controUed?  _        ''  •" 

How  are  chemical  ty.    Chcmical  Force  and  Chemical  Attrac- 

force  and  chem-      .  i   •        i 

icai     attraction  tion  are  used  in  the  same  sense. 

used? 

Simple  Affinity. 
What  is  the  color       Experiment  1.  Ignite  a  friction  match 

of  the  flame  of  a    .  . 

friction  match?    m  the  air.     It  burns  with  a  blue  flame. 

What  is  its  odor  ?  .      .  re        i-  i  mi        ,- 

What  has  the  free    emitting  d  SUnOCating  odor.       The  free  ox- 
oxygen  of  the  air  c    i  •      i  •       i  i 

united  with  ?       ygsu  of  the  air  lias  united  with  the  free 

sulphur  upon  the  match,  and  formed  a  pois- 

caued  which  un*!-  ouous  gas.     The  forcc  which  united  these 

ted  these  two  free    .  c         it        •  iiir/«         7        m  rr^     •. 

bodies?  two  free  bodies  is  called  Simple  Affinity. 
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Give  a  definite  ex- 
planation of  Ex- 
per.  2. 


In  the  course  of  an 
hour,  what  takes 
place  ? 


What  appearance 
do  these  crystals 
gradusilly  as- 
sume? 

What  is  the  tree 
called  ? 


Single  Elective  Affinity. 
Exp.  2.  Dissolve  half  an  ounce  of  su- 
gar of  lead  (acetate  of  lead),  composed  of 
acetic  acid  and  lead,*  in  four  ounces  of 
water.  Add  a  few  drops  of  acetic  acid  to( 
clarify  the  solution,  and  pour  off  the  clear^ 
liquid  into  a  wide-mouthed  bottle.  Sus- 
pend in  it  by  a  thread  a  slip  of  sheet  zinc 
three  fourths  of  an  inch  wide  and  two 
inches  long.  In  the  course  of  one  hour, 
brilliant  foliated  crystals  of  metallic  lead 
will  be  seen  shooting  out  from  the  zinc  in 
every  direction.  These  crystals  will  grad- 
ually assume  the  appearance  of  an  invert- 
ed tree,  which  is  called  Arbor  Saturni 
(lead  tree).  The  action  of  the  zinc  upon 
the  solution  will  be  readily  seen  by  a 
glance  at  the  following  diagram : 

Fig.  1. 
Acetic  Acid,. . Lead.  Acetic  Acid,  Zinc. 


Draw  the  diagram 
upon  the  black- 
board, and  ex- 
plain the  change. 


Zinc. 


Lead. 


The  acetic  acid  and  lead  were  held  to- 
gether by  a  certain  force  ;  the  zinc  had  a 


*  Acetate  of  lead  is  really  an  acetate  of  oxide  of 
lead,  but  the  oxide  in  this  experiment,  as  well  as  in 
several  of  the  following,  has  been  omitted  for  the  sake 
of  simplicity. 
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stronger  attraction  for  the  acetic  acid  than 
the  lead  had  for  it ;  hence  the  zinc  united 
with  the  acetic  acid,  and  the  lead  was  set 
free  in  its  metallic  form. 

Explain  Exp.  3.  Exp.  3.  Fill  a  Small  test-tube  one  third 
full  of  the  solution  of  sugar  of  lead,  form- 
ed by  Exp.  2.  Now  add  a  few  drops  of 
sulphuric  acid.     A  white  powder  will  be 

Of  what  is  tiie  throwii  down,  which  is  composed  of  sul- 

white       powder  .  .       r-  i 

composed?         pliuric  acid  and  lead.     At  nrst  the  acetic 

acid  and  lead  were  united,  but  when  the 

What  effect  did  sulphuric  acid  was  brought  in  contact,  it 

the        sulphuric 

acid  have  upon  elected  or  chose  the  lead,  and  set  the  acet- 

the    solution    of    _  ^ 

sugar  of  lead?      io  acid  free. 

Fig.  2. 
Acetic  Acid, . .  Lead.  Acetic  Acid. 

Explain  the 

change  by  Fig.  2. 


Sulphuric  Acid.  Sulphuric  Acid,  Lead. 


What  is  the  com-       Exp.  4.  Pour  a  dram  or  two  of  a  trans- 

monname  of  sul-  . 

phateofiron?      parent  solution  of  sulphate  of  iron*  (cop- 

ifiron  be  brought  psras)  iiito  a  large  test-tube,  and  add  a 

nutgaiwn  ^lu*^  fcw  drops  of  a  colorlcss  iufusiou  of  nutgall. 

dors'  The^Sul'uid  A  jet  black  is  instantly  imparted  to  these 

whiit  is  sulphate  transparent  liquids.     Sulphate  of  iron  is 

of  iron  composed  i      /•       i    i        •  •  i  -i  ■  rm 

of?  composed  oi  sulphuric  acid  and  iron,     ihe 

When  the  nutgall  n     i  ,       .  ■,    c  i       •    i 

chooses  the  iron,  nutgall  clccts  tlic  iron  and  forms  the  ink, 

"what  becomes  of 

the  acid?  while  the  sulphuric  acid  is  set  free.     A 

What  takes  place  fcw  drops  of  a  solutioii  of  oxalic  acid  will 

when  oxalic  acid 

IS  added?  ♦  p^j.  ^.j^g  formation  of  solutions,  see  p.  134 
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How  is  the  dark  destroy  the  dark  color  by  removing  the 
iron  from  the  nutgall.  Add  a  few  drops 
of  a  solution  of  potassa,  which  will  elect 

How  does  potassa  the  oxalic  acid,  when  the  iron  will  again 

affect  the    solu-  .  •ii  jni  •  ii--i 

tion?  unite  With  the  nutgall,  leaving  the  uquid 

black  as  before.     Two  or  three  drops  of 

What  takes  place  liydroohloric  acid  will  combine  with  the 

when         hydro-  •       r  ^  t  •  ^ 

chloric  acid  is  Dotassa,  taking  it  irom  the  oxahc  acid, 

added?  , 

which,  now  being  liberated,  unites  with  the 
iron,  separating  it  from  the  nutgall,  when 
the  solution  is  again  transparent.     Add 

When  ammonia  1  some  liquid  ammonia,  which  will  combine 
with  the  hydrochloric  acid,  taking  it  from 
the  potassa,  which  will  now  unite  with 
the  oxalic  acid,  taking  it  from  the  iron, 
which,  being  released  again,  combines 
with  the  nutgall,  and  the  liquid  assumes 

If  sulphuric  acid  a  dark  color.     Lastly,  add  three  or  four 

be    added,   what     ^  .  i  •    i  mi      i 

changes  fouow  ?  drops  of  sulpliunc  acid,  which  will  elect 
the  ammonia,  taking  it  from  the  hydro- 
clilorio  acid,  which  now,  set  at  liberty, 
unites  with  the  potassa,  taking  it  from 
the  oxalic  acid,  which  acid  now  combines 
Is  the  solution  left  ^Ith  the  irou,  removing  it  from  the  nut- 

parent?"^  *''*"®'  gall,  whcu  the  whole  is  again  transparent. 

What  is  sulphate  Exp.  5.    luto    a    WCak    Solutioil    of  SUl- 

of  copper    com-      ,      ,  <.  ,-,■,  •.    •    l\     l 

moniycaued?      pliatc  01  copper  (biue  vitriol)  drop  some 

What      foUows  liquid  ammonia.     A  briUiant  blue  color 

moniais'addedu)  will  bc  iiistaiitly  imparted  to  the  liquid, 

a  solution  ofsul-        ,  .    ,    .  .  ,  .        i       -.i 

phate  of  copper?  wliich  IS  amiiionia  combmed  with  copper. 
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Fig.  3. 


Sulphate  of  copper= 

Sulphuric  Acid,  Copper. 


Draw  and  explain 
Fig.  3. 


Ammonia,  Copper. 


The  ammonia  elects  the  copper,  setting 
the  sulphuric  acid  free. 
If  iron  be  im-       Exp.  6.  Into  a  strong  solution  of  sul- 

mersed  in  a  boIu-      ,  ^  t.i  i  iiic 

tion  of  sulphate  pnato  01  coppcr  Clip  the  clean  blade  oi  a 

of  copper,  what    ,      .»  .  -i         tt   u  j.1  j.    i   • 

takes  place  ?  kniic  or  ail  iron  nail.  Hold  the  metal  m 
the  solution  for  three  or  four  minutes, 
when  it  will  be  covered  with  a  beautiful 
coat  of  metallic  copper. 


Fig.  4. 
Sulphuric  Acid,  Copper. 


Sulphuric  Acid,  Iron. 


Draw  and  explain 
Fig.  4. 


Copper  (set  free). 


Iron  has  a  stronger  attraction  for  sul- 
phuric acid  than  copper  has  for  it.  Hence 
the  iron  elects  the  acid,  and  the  copper  is 
set  free  in  its  metallic  form. 

JExp.  7.  Immerse  a  clean  copper  cent 

in  a  solution  of  nitrate  of  mercury.     It 

lutTon  oFnitrate  "will  soou  be  coatcd  witli  mercury  in  its 

of  mercury? 

What  does  it  then  metallic  form,  when  it  will  resemble  a 
silver  coin,  and  may  be  brightened  with 
a  piece  of  buckskin. 


With  what  will  a 
copper  cent  be 
coated  if  im- 
mersed in  a  so 


resemble  1 
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Fig.  5. 
Nitrate  of  Mercury:= 

Nitric  Acid,   Mercury. 


Nitric  Acid,  Copper. 


Draw  and  explain 
the  diagram. 


What  is  nitrate  of 
mercury  com- 
posed of? 

What  did  the  cop- 
per elect  ? 

Was  the  mercury 
stUl  united  with 
the  nitric  acid  ? 

Give  a  general  def- 
inition of  single 
elective  affinity. 


Coijptr.  Mercury  (set  free). 

The  copper  elected  the  nitric  acid,  and 
the  mercury  was  set  free  and  deposited 
upon  it. 

Single  Elective  Affinity,  then,  is  that 
force  which  enables  one  body  to  elect  or 
choose  another  which  is  combined  with  a 
third,  which  third  body  is  always  set  free, 
while  the  first  and  second  are  united  in  a 
new  compound. 


LESSON  IL 
Double  Elective  Affinity. 
What  is  produced       Exj).  8.  Into  a  solutioii  of  acctato  of 
Tf'SumTnd'ac"-  lead  pour  some    solution  of  alum.*     A 
poured  together  ?  whitc  precipitate  is  the  result. 


Fig.  6. 


Sulphuric  Acid,  Alumina. 


Alumina,  Acetic  Acid. 


Explain  the  figure. 


Acetic  Acid,   Lead. 


Sulphuric  Acid,  Lead, 


*  Alum  is  a  double  salt,  composed  of  sulphate  of 
alumina  and  sulphate  of  potassa.  But  the  sulphate 
of  potassa  is  inert  in  the  decomposition. 
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Is  the  decomposi-       Here  WB  have  a  double  decomposition, 

tion  single  ■'  .     .  .  , 

Is  but  one  new  giving  rise  to  two  new  compounds,  acetate 

ed?  of  alumina   and  sulphate  of  lead.     The 

What  becomes  of  acids  of  the  two  primary  compounds  have 

the   acids  of  the  -^  ,         .  •  ■,       c 

two       primary  changed  placcs.     The  sulphuric  acid  oi 

compounds  t  •->         i-  i 

What  has  the  sui-  the  sulphatc  of  alumiiia  has  elected  the 

phuric  acid  of  the  ^ 

sulphate  of  aiu-  jg^d  of  tlic  acetate  of  lead,  and  the  acetic 

mina  elected  T  ' 

^tic  a'c^d^chose^nf  ^^^^  ^^^^  choseu  the  alumiua.  Sulphuric 
^formed'^°ot'"'suN  ^^id  and  lead,  as  has  been  shown,  Exp. 
iead"'sombie  ^"in  3,  form  a  compouiid  which  can  not  be  dis- 
^^^^^-  solved  in  water,  therefore  it  is  visible. 

Are  acetic  acid  But  acctic  acid  and  alumina  form  a  com- 
when united,  sol-  pouiid  that  is  solublc  in  Water,  and  hence 

uble  in  water  ?        . 

it  remains  invisible  in  the  solution. 
If  solutions  of  bi-       Exp.  9.  Instead  of  the  foregoing,  use 

chromate   of  po-         -       .  c  i  •    i  ,         r        ,  i 

tassa  and  acetate  solutious  01  Dichromate  01  potassa  and  ace- 

oflead  are  pour-  •  f   i 

ed  together,  what  tatc  of  lead.     A  bcautiful  yellow  powder 

follows?  .  .  . 

What  is  its  com-  will  be  formed,  which  is  the    common 
Its        chemical  c/irome  1/elloio  of  the  shops.     Its  chem- 
°^™  '  ical  name  is  chromate  of  lead. 

Fis. :. 

Chromic  Acid,  Potassa.  Potassa,  Acetic  Acid. 


Explain  Fig.  7. 


Acetic  Acid,  Lead.  Chromic  Acid,  Lead. 


What    has    the       Tlic  cliromic  acid  has  united  with  the 

chromic         acid    .  .  •  i        •   i      i 

combined  with?    lead,  and  the  acetic  acid  with  the  potassa. 

What     then     be-  ^ 

comes  of  the  ace- 
tic acid  ? 

Define      double       Doubic  Electivc  Affiniti/,  as  will  be 

elective  affinity.  n/-i-"i  r-  i-i 

seen  irom  Exp.  o,  9,  is  that  force  w^ich 
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causes  a  decomposition  of  two  compound 
bodies,  and  a  union  of  their  parts  to  form 
two  new  and  distinct  compounds. 


What  color  is  pro- 
duced when  solu- 
tions of  bichrom- 
ate of  potassa 
and  nitrate  of  sil- 
ver are  used  1 


What  is  the  chem- 
ical name  of  the 
precipitate  ? 


If  transparent  so- 
lutions of  bichlo- 
ride of  mercury 
and  iodide  of  po- 
tassium are  pour- 
ed together,  what 
color  is  pro- 
duced? 


Further  Experiments  in  Double  Elect' 
ive  Affinity. 

Exp.  10.  Use  solutions  of  bichromate 
of  potassa  and  nitrate  of  silver.  A  rich 
carmine  color  will  pervade  the  liquid.  The 
two  new  compounds  are  nitric  acid  and 
potassa  (nitrate  of  potassa),  and  chromic 
acid  and  silver  (cliromate  of  silver),  which 
is  the  brilliant  precipitate. 

Exp.  11.  Into  a  solution  of  bichloride 
of  mercury  pour  some  solution  of  iodide 
of  potassium  (composed  of  iodine  and  po- 
tassium). From  these  perfectly  transpar- 
ent solutions  a  beautiful  vermilion  color  is 
obtained.  The  chlorine  of  the  chloride  of 
mercury  has  united  with  the  potassium  of 
the  iodide  of  potassium,  while  the  iodine 
combined  with  the  mercury,  forming  iod- 
ide of  mercury,  the  vermilion  precipitate. 


Fig.  8. 


Iodine,   Potassium. 


Potassium,  Clilorine. 


Explain  figure  8. 

From  the  forego- 
ing experiments 
in  simple,  single 
elective,  and 

double  elective 
affinity,  what  do 
we  learn  ? 


Chlorme,  Mercury. 


Mercury,  Iodine. 


From  the  foregoing  experiments  in  Sim- 
ple, Single  Elective,  and  Double  Elective 
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Affinity,  we  learn  that  chemical  force  acts 
only  between  particles  of  different  kinds 
of  matter  at  invisible  distances ;  and  that 
when  bodies  unite  chemically,  their  prop- 
erties are  entirely  changed.  Hence  the 
resulting  compound  dijEi'ers  materially  from 
either  of  its  constituents. 
What  changes  has       We  have   already  seen  that  chemical 

chemical  affinity       rn     •  re  i      i  i        i  •         i 

already   effected  aihuity  cilects  remarkable  chansfes  in  the 

in  bodies  ?  . 

color  of  bodies.     We  will  now  consider 
What  is  next  to  be  changc  oi  foriKi  and  change  oi  tempera- 
ture as  connected  with  this  invisible  force. 


LESSON  III. 
Change  of  Form. 
If  chalk  be  added      Exp.  12.  FiLL  a  wine-glass  half  full  of 

to     hydrochloric  ,       i        i  i      •  •  j  i      j  i  n      •  f 

acid,  what  takes  liydroclilonc  acid,  and  add  small  pieces  oi 
chalk  until  effervescence  ceases.  A  por- 
tion of  the  solid  chalk  has  passed  off  in 
the  form  of  a  gas,  which  caused  the  bub- 

what       power,  bhng.      Chcmical  affinity  has  power  to 

then,  has  chemi-  , .  , 

cal  affinity  over  COnVCrt  SOlldS  to  gaSCS. 

solids  ?  _, 

Exp.  13.  Pour  off  some  of  the  yellow- 
ish liquid  formed  by  Exp.  12  into  a  test- 
Expiain  Exp.  13.   tubc,  and  add  a  few  drops  of  strong  sul- 
phuric acid.     The  two  liquids  are  convert- 
ed into  a  beautiful  white  solid,  which  is 
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What  power  has  suloliate  of  lime.    Chemical  affinity  some- 

chemical  affinity      .  i  •        •  i     j^  i  •  i 

over  liquids  1       timcs  changes  liquids  to  solids. 

Exp.  14.  Rinse  out  one  wine-glass  with 
hydrochloric  acid,  and  another  with  liquid- 
ammonia.  Turn  them  bottom  upward, 
and  bring  their  mouths  quickly  together. 
Explain  Exp.  14.  A  wliitc  fumc  will  fill  both  glasscs,  which 
is  composed  of  small  particles  of  a  solid 
body  (hydrochlorate  of  ammonia).  The 
two, liquids  adhering  to  the  sides  of  the 
glasses  were  first  converted  into  gases, 
and  from  gases  to  the  solid  form.     Chem- 

How  does  affinity    .,„,.,  .  .  ,.  -i 

act  on  gases  ?      ical  ainnity  converts  gases  to  solids. 

Change  of  Temperature. 
How  may  loaf-       Exp.  15.  Dissolvc  somc  loaf-sugar  in 
converted    into  tlic  Icast  quantity  of  warm  water.     Let  it 

charcoal?  .  . 

remain  ten  minutes  or  more  with  some 
undissolved  sugar  in  the  bottom  of  the 
vessel.     It  should  be   frequently  stirred 
with  a  glass  rod.     Fill  a  wine-glass  half 
full  of  the  solution,  and  add  strong  sul- 
phuric acid  until  the  glass  is  nearly  full. 
The  sugar  will  be  rapidly  converted  into 
What   is   sugar  charcoal.     Sugar  is  composed  of  carbon 
What  effect  is  pro-  and  watcr.      Tlic  acid  unites  with  the 
acid?  water,  and  sets  free  a  sufficient  amount 

What  remains  be-  of  heat  to  evaporatc  it,  whilc  the  carbon 
is  left  behind  in  the  form  of  finely  pulver- 
ized charcoal.     In   this   experiment  we 
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What  first  takes  have,  fiist,  a  change  of  temperature  ;  sec- 
what  second  and  ond,  a  liquid  Converted  to  vapor ;  and  third, 

third?  ,.        .,  1  Ti 

a  nquid  converted  to  a  soud. 
What  have  we       We  have  now  learned  that  chemical  af- 

now   learned  'n    ^  , 

relation  to  the  in-  finitv  has  power  to  chausje  the  form,  tem- 

visible  force  call-  ,j  i  o  ^ 

ed  affinity?         peraturc,  and  color  of  bodies.     Indeed,  it 

How  are  colors  in  is  tliis  unsccu  forcc,  directed  by  a  Divine 

Hand,  that  produces  that  endless  variety 

of  colors  which  deck  the  world  in  which 

What  are  absorb-  we  live.     Various  matorials  in  transpar- 

ture  of  plants  and  cnt  solutious  are  absorbed  into  the  struc- 

animals  ? 

ture  of  plants  and  animals,  and  there  un- 
can  the  changes  dcrgo  woudcrful  cliangcs,  many  of  which 

be  imitated  in  the  ,  c    n      •       -j     j     i  •      .i      i    i 

laboratory  ?  may  DC  successiuUy  imitated  m  the  labora- 
tory. Chemical  force,  however,  is  some- 
times directed  with  such  matchless  skill 
in  the  formation  of  colors  that  they  can 
not  be  imitated  by  man.     The  delicate 

What  is  said  of  tints  whicli  we  witness  in  the  butterfly's 

the       butterfly's         .  •        ,^  iij-i  i- 

wing  and  the  pe-  wins?,  Ill  the  pcacock's  tail,  and  in  the 

tals  of  the  flow-  ^  r    n  i      m     i      i 

er?  petals  of  flowers,  have  ever  baffled  the 

skill  of  the  artistic  chemist. 
What  agents  af-       Chemical  Affinity  is  affected  by  the  Im- 

finity?  ponderable  Agents.     Light,  Heat,  Elec- 

Why  are  they  call-  tricity,  and  Galvauism,  are  called  impon- 

cd  imponderable? 

derable   agents,  because   they   have   no 
What  do  heat  and  Weight.      Hcat  aiid  Galvauism  usually 

galvanism     pro-  ... 

mote?  promote  decomposition  (awa/ysfs).    Light 

What  do  light  and  and    Elcctricity    facilitate    combination 

electricity      pro- 
mote? {^synthesis).     But,  as  these  agents  belong 
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To  what  branch  more  properlv  to  Natural  Philosophy,  they 

of  natural  science         •iii  i      r  i  '■•'  '' 

do  the  imponder-  wili  not  06  treated  of  in  this  work. 

able  agents  more 
properly  belong  ? 


LESSON  rv. 

Chemical  Elements. 
Bodies  that  chem-       SucK  bodlcs  as  chemists  hav6  not  been 

ists    have    been 

unable  to  decom-  ^ble  to  decompose  are  called  Elements,  or 

pose    are    called  -T  ' 

GTv''e'an  example.  sHTiple  bodlcs ;  as,  Iroii,  Sulphur,  Nitro- 
How  many  eie-  pren,  &c.     Of  theso  elements,  sixty-five 

ments    have    al-    "       '  '  ^ 

covered  r"  '^'^'  ^^^^^  already  been  discovered.     The  most 
Which   are   the  important  of  the  elements  are  such  as 

most    important  ^ 

of  the  elements?  combine  to  form  the  structure  of  our  bod- 
ies, those  of  the  lower  animals,  and  plants. 
They  are  sixteen  in  number :  Hydrogen, 

Name  them.  Oxygen,  Chlorine,  Nitrogen,  Carbon,  Sul- 
phur, Phosphorus,  Silicon,  Fluorine,  Cal- 
cium, Aluminum,  Sodium,  Potassium, 
Magnesium,  Manganese,  and  Iron. 

Chemical  Symbols. 
How  do  chemists       For  the  sako  of  convenience,  chemists 

now  represent  el-  ,      i  j  i      i  •        i 

ementary  bodies?  now  rcprcscnt  elementary  bodies  by  sym- 
bols, thus : 
What    does    H  Hydrogcu  is  represented  by  H. 

stand  for?      0?  /-^  ,,  ,,  r\ 

on  N?  c?  Oxygen  "  "  U. 

Chlorine  "  "  CI. 

Nitrogen  "  "  N. 

Carbon  "  "  C. 
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s?  p?   Si?  F?  Sulphur  is  represented  by  S. 

Phosphorus    "  "  P. 

Silicon  «  "  Si. 

Fluorine        "  "  F. 

Calcium        "  "  Ca. 

AH  NaT   What  Alumiuum    "  "  Al. 

name?  Sodium  (Latin  Natrum)      Na. 

K?     Its    Latin  Potassium  (Latin  Kalium)  K. 

name?  ^_  .  __ 

Magnesium  "  "  Mg. 

Mg?Mn?  Manganese    "  "  Mn. 

Fe?  Tiie  Latin?  Irou  (Latin  i^erfMm)  "  Fe. 

What   do    these       Thcse  sixtceu  simplc  bodies,  in  various 

sixteen      simple  -,  ■        ,■  r  ,  i        -i  ii 

bodies  form?  combmatious,  lorm  rocks  and  soils,  as  well 
as  all  organic  bodies  upon  the  surface  of 
the  earth,  together  with  the  atmosphere 
and  the  waters  of  the  ocean.* 


LESSON  V. 
Division  of  Blatter — Atoms. 
What  does  the       The  word  Ato7n  means  that  which  can 
mean?  Tiot  bc  diviclcd.     All  bodics  are  composed 

What  are  all  bod-      ^       ,  i  •   i  i     i  i  i    i      i 

ies  composed  of?  01  atoms,  which  are   probably  globular. 

What  is  the  prob-    „,!  i  i  i 

able  shape  of  at-  ihey  liave  ncvcr  been  seen,  as  they  are  so 

cms? 

Have  atoms  ever  small  as  to  baffle  the  powers  of  the  micro- 
been  seen  ?  '■ 

Why  not?  scope.     Their  existence,  however,  is  well 

Is  their  existence  ^  '  ' 

established?       established. 

*  Other  elements  are  found  in  very  minute  quanti- 
ties in  rocks,  soils,  and  organic  bodies. 

B 
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Atomic  Numbers. 
What  is  found  by       It  is  found  tj  experiment  that  simple 

experiment  ?  it  •  i-/-i  ••  -n 

bodies  unite  only  in  fixed  quantities.  Jb  or 
Of  what  is  water  example,  the  water  we  drink  is  composed 

of  two  gases,  Oxygen  and  Hydrogen.  It 
How   much,   by  rcquiresjust  one  ounce  of  H  to  unite  with 

eight  ounces  of  0,  and  if  we  attempt  to 

comhine  more  or  less  of  either  of  these 
Why  must    the  elements,  we  shall  fail.     The  proportion 

proportion  be  in-  •    i  i      i  i  •  i 

variably      pre-  must  invanablv  DC  preserved,  or  a  residue 

served?  .  J  v  ^ 

of  either  the  one  or  the  other  element  will 

remain  uncombined. 
How  do  au  eie-       All  elementary  bodies  unite  with  each 
unite  ?  other  in  determinate  quantities  by  weight. 

Why  is  hydrogen  H  (hydrogen),  being  the  lightest  of  the 

taken  as  one?  i  ,        •      ,     i  ■,  i      n        i 

elements,  is  taken  as  unity,  and  ail  other 


elements  are  compared  with  it.  Thus, 
How  many  grains  1  grain  of  H  will  Unite  witli  35  grains  of 
with   thirty-five  CI  (chlorinc),  6  of  C  (oarboii),  8  of  0  (ox. 

grains    of  chlo-  '^  "  \  "  ^^ 

rine?  vs^en),  &c.     Jiut  H  (hydroffen)  will  not 

Will  H  unite  with   •'°.  .  \    "^         &       / 

calcium?  unite  with   Ca   (calcium),   and    0   will. 

Now  we  find  that  20  grains  of  Ca  will 
unite  W'ith  8  grains  of  0,  and  8  grains  of 

How  is  H  indi-  0  with  1  of  H.     Thus  Ca  is  indirectly 

rectly    compared  J 

whlV^^'^^this  compared  with  H.  This  indirect  mode 
©""^"^"comparison  oJ^  Comparison  is  always  made  where  the 
When  'we  speak  element  does  not  unite  with  H.   When  we 

of  II,  what  is  al-  ■,        /.  tt    ^    .         •,  ■    x     i    •      xi 

ways  associated  spoak  ol  H,  1  IS  always  associatctl  in  the 
Of  or  ofc?       mind;  of  0,  8,  and  of  C  (carbon),  6,  &;c. 
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What  are  these 
atomic  numbers 
sometimes  call- 
ed ■; 


What  does  an  at- 
omic number  ex- 
press ? 


What  is  the  atom- 
ic number  of  H 
(hydrogen) ? 

Of  O  (oxygen)  ? 

Of  CI  (chlorine)? 

OfN  (nitrogen)? 

Of  C  (carbon)  ? 

Of  S  (sulphur)? 

Of  P  (phosphor- 
us)? 

Of  Si  (silicon)? 

Of  F  (fluorine)? 

Of  Ca  (calcium)? 

Of  Al  (alumin- 
um) ? 

Of  Na  (sodium)? 

Of  IC  (potassi- 
um) ? 

Of  Mg  (magnesi- 
um) ? 

Of  Mn  (manga- 
nese) ? 

OfFe  (iron)? 


These  atomic  numbers  are  sometimes 
called  Definite  Proportions,  Chemical 
Equivalents,  and  Combining  Numbers. 
These  different  expressions,  however,  mean 
the  same  thing,  namely,  the  quantity  hy 
weight  of  one  element  that  is  required  to 
satisfy  its  affinity  for  1  of  H  or  8  of  0. 
The  following  table  exhibits  the  atomic 
number  of  each  of  the  sixteen  organic  ele- 
ments. 


H=   1* 

F    =19. 

0=8. 

Ca=20. 

Cl=35.t 

Al  =14. 

N=14. 

Na=23. 

C=   6. 

K   =39. 

S  =16. 

Mg=13. 

P=32. 

Mn=28. 

Si  =  21. 

Fe  =28. 

*  On  the  Continent  of  Europe  the  atomic  number 
of  oxygen  is  taken  as  100,  in  which  case  hydrogen 
would  be  12'5,  carbon  75,  &c. 

t  The  atomic  number  of  some  of  the  elements  is 
compose^l  of  a  whole  number  and  a  fraction.  The 
fraction,  for  the  sake  of  simplicity,  has  been  omitted 
where  it  was  less  than  one  half,  and  a  unit  added 
where  it  was  greater. 
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LESSON  YI. 
Multiple  Proportions. 

When    elements       When  elements  Combine  in  more  pro- 
unite    in    more  .  ,  ,  j  •  j         c         i    • 
proportions  than  portions  than  one,  the  quantity  oi  each  is 

one,  is  the  quan-       i        /-•        i    i  i  •        i 

tity  variable  ?       also  lixecl,  Dut  the  s^rcatcr  IS  always  a  mul- 

What  is  said  of  r   i       i  n  i 

the  greater  ?        tiplc  of  the  less  by  a  whole  number  :  e.  g"., 

Give  the  example.    1  at.  of  N(14)  UuiteS  with  1  at.    of  0(8). 

1  "  N(14)  "^  "  2  ats.  of  0(16). 
1  "  N(14)  "  "  3  "  0(24). 
1  "  N(14)  "  "  4  "  0(32). 
1  "  N(14)  "  "  5  "  0(40). 
Or,  in  strictly  chemical  language, 

Give  it  in  chemic-  NO,  NO^,  NO^,  NO*,  NO^ 

What  are  2, 3,  4,  16,  24,  32,  and  40  are  multiples  of  8  by 

of?      """  '^  ^^  the  whole  numbers  2, 3, 4,  and  5.     Some- 

Hovy  do  elements  timcs  elements  unite  in  the  proportion  of 

sometimes  unite?  hit,  •  i     ^•    •    -t  i 

Can  an  atom  be  1  to  Ij  j   Dut  as  ail  atom  IS  not  divisible, 
What,*^  then,   is  it  is  presumed  that  2  of  the  one  is  com- 
bined with  3  of  the  other,  which  will  pre- 
what  example  is  scrve  the  proportion  :  thus,  1  :  1^ ::  2  :  3 ; 
e.  g".,  2  atoms  of  iron  unite  with  3  atoms 
When    elements  of  oxygcu  to  form  irou  rust.     Wlieii  ele- 
ponionofitou,  nients  unite  in  the  proportion  of  1  to  1|, 

what  term  is  ap-  i  •     i 

plied  to  them?     the    term    sesqui-    is    applied   to   them. 
Hence  iron  rust  is  a  sesquioxide  of  iron. 
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Per-  or  Hyper-,  -ic,  -ous,  and  Hypo-. 

When  one  element  unites  with  another, 

How  are  per  or  the  prefix  per  OX  liyper  is  used  to  denote 

^^^^       '        the  greater  though  indefinite  quantity  of 

When  applied  to  the  first  element  named,  except  when  ap- 

oxygen  acids,  ^^      -,.     ■,         ^~.         .  ■,  ■,  ..         ,.  ■, 

what  do   these  plied  to  O  acids,  whcu  it  implies  the  great- 
two  prefixes  ap-  .         . 

ply?  er  amount  of  0  only.     The  termination 

What     does     the  '' 

termination  ic  in-  .{q  {^  Q  acids  indicates  morc  0  than  -ous, 

dicate  ?  ' 

What  ous?  and  -Otis  more  than  hypo- :  e.  "•., 

What  hypo?  "- 

Give  the  example.  CI  and  0  (CIO)  form /i?//;ochlorous  acid. 
CI    "    0^  (ClO^)    "  chlorous     " 

CI    "    0^(Clt>)     "     hypocUonc       " 
CI    "    O^fciO-^)     "  chloric        " 

CI    "    0^  (CIO")     "   per  or  /iT/perchloric 
acid. 

Proto-,  Deuto-  or  Bi-,  Trito-  or  Ter-, 
and  Quadro-. 

What  does  proto  Proto-  denotes  1  atom  of  each  of  two 
bodies  which  are  united  in  a  compound  ; 
j^rotoxide  of  hydrogen  (water)  is  composed 
of  1  atom  or  equivalent  of  H  and  1  of  0. 

Deuto  or  bi?  Deuto-  or  bi-  is  used  where  2  atoms  of 
one  body  are  combined  with  1  atom  of 
another  ;  as,  f/c?/^oxide  or  Z>/;zoxide  of  ni- 

Tritoorter?        trogcn  (NO").      Trito-  or  ier-  is  prefixed 

Quadro?  whcrc  8,  and  quadro-  where  4  atoms  of 

one  body  are  united  with  1  atom  of  anoth- 

Is    quadro    often  /^  7        •  i  i  i 

used?  er.      Quadro  is  seldom  used. 
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LESSON  YIL 
-ide,  -uret,  -ate,  and  -ite. 
Howisthetermin-       0  (oxygeii),  and  ail  elements  ending  in 

ation  ide  applied?       .  .  .       ,        .   , 

-me,  when  united  witli  another,  take  the 
termination  -ide  when  the  compound  is 

Give  examples,  not  acid ;  as,  oxidc  of  calcium  (lime), 
chlor/f/e  of  sodium  (common  salt).  The 
0,  however,  in  a  few  instances,  is  repre- 

whatissaidofa?  scntcd  Lj  -«  /  as,  sod«  for  oxide  of  sodi- 

Give  examples.  .  ^  . 

um,  potassa  for  oxide  of  potassium,  and 

What    of   other  silica  for  oxide  of  silicon.     Other  non-me- 

ments?  tallic     elements    have    the    termination 

Give  e.xampies.      -UTct  ;*    sulphwrc^  of  iroii,    carh^^rg^  of 

hydrogen,  &c. 
When   the   acid       Salts  formed  from  an  acid  and  a  base 

ends  in  ic,  how  ,     .  ,  ,  .  ,  ,       . 

does    the    salt  end  lu  -ttte  wlicu  thc  acid  ends  m  -to ; 

sulphurz'c  acid  and  soda  form  sulphate  of 

ifthe  acid  ends  in  soda.     When  the  acid  ends  in  -ous,  the 

ous,  how  1 

salt  ends  in  -ite.     Sulphurous  acid  and 

soda  form  sulph«Ye  of  soda.     If  the  acid 

When  hypo  is  pre-  lias  thc  prcfix  hi/po-,  thc  resulting  salt  al- 

fixed  to  the  acid,  .         .  ,  ,    ,  •  n  i 

what  of  the  salt?  ways  rctams  it ;  //^//Josulphurows  acid  and 
Give  an  example,    soda  form  hyposulph^Ye  of  soda. 

*  Professor  Gregory,  of  Edinburgh,  and  some  oth- 
er authors,  use  the  tennination  -ide  in  preference  to 
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Formulas. 
What  is  a  chemi-       Two  01'  more  symbols  placed  together 

cal  formula?  .  .  tt/^   •        ^        c 

What  is  the  for-  constitute  a  loi'muia.     HU  IS  the  lormula 

mula  for  water  ?  ^_^,  , 

When  more  than  for  Water.      VV  hell  moro  than  one  atom  oi 

one   atom  of  an  -  j    •     j_     n  ^    •     • 

element  is  to  be  an  element  IS  to  be  expressed,  it  is  accom- 

expressed,     how       ,111  1       •  ^^    r 

is  it  accomplish-  phshed  by  placiiig  a  small  figure  either 
Write  an  example  abovc  or  bolow  the  symbol,  thus :   SO"  or 

upon   the   black-    „,^        ,  r        ^    ^  - 

board.  feOg  sliows  that  ono  atom  of  sulphur  is 

combined  with  two  atoms  of  oxygen. 
How    do    com-       Two  or  morc  compound  bodies  united 

pound  bodies       i  •       ^^        t  ii      •  ti  ,      ^ 

have  their  sym-  cliemically  havc  their  symbols  separated 
Write  an  exam-  by  a  ,  or  the  sign  +    ;  SO^,  HO,  or  SO^ 

^'''  +H0,  indicates  that  the  compound  SO^ 

is  chemically  united*  with  the  compound 

What  does  a  large  HO.     Wlieii  a  large  figurc  precedes  a  for- 

figure        accom-  1     i      •  i    •    i- 

iiiish        when  mula  or  a  symbol,  it  multiplies  all  the 

placed    before    a  " 

symbol  or  formu-  symbols  Until  a  ,  or  the  sign  +  intervenes. 
When  placed  be-  A  large  figurc  placed  before  brackets  mul- 

fore        brackets,    ..,.  n.i  ii-       iiii 

what?  tiplies  all  the  symbols  included  between 

them. 


-uret.  But  as  there  is  more  cuphonN'  in  sulphuret  than 
in  sulphide,  chemists  in  the  United  States  have  adopt- 
ed the  termination  -tirct  instead  of-ide. 

*  Many  bodies  arc  mechanically  mixed,  though  not 
chemically  united.  When  bodies  are  chemically 
united,  the  compound  invariably  possesses  different 
properties  from  cither  of  its  component  parts.  But  if 
mechanically  mixed,  no  change  of  properties  will  have 
taken  place. 
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LESSON  YIIL 
Hydrogen.     Equivalent  1.     Symbol  H. 
Explain  the  appa-       Exp.  16.  Iiitroduce  a  handful  of  slips 

ratus  for  obtain-       ...  tit-  •  i  \ 

ing  H.  of  zmc  into  a  bottle  having  a  wide  mouth, 

and  containing  at  least  a  pint.  Add  a 
half  pint  of  water,  and  insert  a  cork,  which 
should  be  nicely  fitted  with  a  glass  funnel 
tube  reaching  nearly  to  the  bottom  of  the 
bottle ;  another  tube,  bent  at  right  angles,* 
should  merely  pass  through  the  cork. 
Connected  with  this  latter  tube  there 
should  be  one  of  the  same  size,  and  in 
shape  resembling  the  letter  S,  joined  by 
means  of  an  India  rubber  connector.  Now 
pour  an  ounce  of  SO^,  HO  (sulphuric 
acid)  through  the  funnel-tube,  and  H 
(hydrogen)  will  be  rapidly  disengaged, 
How  may  H  be  whicli  may  be  collected  in  half  gallon 

collected  for  ex-  .  . 

periment?  caiidy-jars  ovcr  water  for  experiment,  by 

means  of  the  pneumatic  trough  (Fig.  9). 
The  trough  should  be  filled  with  water, 
and,  in  order  to  remove  the  air  from  the 

*  Glass  tubes  may  be  readily  bent  by  holding  them 
in  the  flame  of  a  spirit-lamp  and  applying  a  gentle 
pressure. 
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Fig.  9. 


How  must  the  air 
be  removed  from 
the  jar  previous 
to  admitting  the 


"Why  are  the  first 
portions  of  the 
gas  to  be  reject- 
ed? 


Why  does  H  dis- 
place the  water  in 
the  jar  ? 


How  may  the  jar 
be  removed  when 
filled  with  H  ? 


Explain  the  wash- 
bottle. 


jar  previous  to  admitting  the  gas,  it  should 
be  dipped  into  the  trough,  and  when  filled 
with  water,  inverted  upon  the  pneumatic 
shelf,  henpath  the  surface.  Reject  the 
first  portions  of  gas  generated,  as  they  are 
mixed  with  the  air  which  was  in  the  gen- 
erator. Now  pass  the  tube  which  con- 
ducts the  gas  under  the  mouth  of  the  jar, 
which  will  soon  be  filled  with  H,  the  wa- 
ter being  displaced  by  the  gas.  As  soon 
as  H  commences  to  escape  from  the 
mouth  of  the  jar,  it  may  be  removed  by 
sliding  it  upon  a  common  dinner-plate 
filled  with  water,  taking  care  to  keep  the 
mouth  of  the  jar  beneath  the  surface. 
Other  jars  may  be  filled  in  a  similar  man- 
ner. Remove  the  external  rabe,  and  con- 
nect the  wash-bottle  (Fig  10),  which, 
B2 
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Fig.  10. 


like  the  generator,  consists  of  a  bottle  and 

What  should  it  two  tubes.     It  should  contain  a  solution 

of  potassa  (one  half  drachm  of  potassa  to 

three  ounces  of  wa.ter),  and  the  end  of  the 

Why  should  the  conductiug  tuhc  should  be  tied  over  with 

end  of  the  tube  be  .  ,  n  i     •  -i        i       r 

tied  over  with  a  picce  01  canton  nannel,  in  order  to  lorce 

flannel?  ^  . 

the  gas  into  the  solution  in  small  bubbles. 
The  solution  should  not  cover  the  mouth 
of  the  tube  more  than  half  an  inch  deep. 
Press  out  the  air  from  a  gas-bag  contain- 
ing about  one  gallon,  and  connect  it  with 
the  washer  (wash-bottle).  It  will  soon  be 
filled  with  H,  sufficiently  pure  for  practi- 
what  object  is  ac-  cal  purposcs.  The  object  of  the  washer 
the  washer?  is  to  removc  small  particles  of  SO^HO 
(sulphuric  acid),  which  always  pass  over 
mechanically  mixed  with  the  gas.     The 

What      materials  ,       •    ^  j   r  -Li.    •     •  tt  TTr\ 

were  used?         materials  used  tor  obtaining  Jrl  were  HO 
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(water),  SO^HO  (sulphuric  acid),  and  Zn. 
(zinc).  Fig.  11  will  present  a  clear  view 
of  the  decomposition. 


H  (set  free). 


Draw 

gram. 


bl>'.  H  -.)  ZiiU  Sd^'  ;    ]1U 

[A  semicolon  separating  two  symbols  sliows  tliat  tliey  are  not 

chemically  united.] 

What  does  an  at-       An  atom  of  Zu  clccts  an  atom  of  0 

om  of  zinc  elect  ?     _  ,  tt/-\  i  •    i  i  •       n 

What  does  it  elect  irom   tlic    HO,    wliicli   was    chcmically 

What    does    zinc   United  witll  tllC  SO^,  and    forms  ZnO  (ox- 
united    witli     O  r      •        \  1-1  cTT- 

form?  ide  01  zmc),  while  one  atom  oi  H  is  set 

What  is  set  free  1  '  ,     .        . 

free   and  passes   upward  in  its  gaseous 
form.     The  action  would  here  cease,  as 
the  surface  of  the  metal  is  now  covered 
What  does  an  at-  with  the  oxide,  but  an  atom  of  liberated 
S03  unite  with?  SO^  combincs  instantly  with  this  oxide, 
What  salt  is  form-  and  dissolvcs  It,  forming  sulphate  of  ox- 
ide of  zinc.     This  sulphate  would  again 
put  an  end  to  the  action  of  the  metal,  as 
Why  does  not  this  it  would  covcr  tlic  surfacG,  but  the  free 
endtothedecom-  HO  (watcr)  dissolvcs  it  as  fast  as  it  is 

position?  mi 

formed.     Thus  a  constant  clean  metamo 
surface  is  presented  to  the  HO  of  the  SO^, 
How  long  will  H  and  a  constant  liberation  of  H  follows  un- 
til some  of  the  materials  are  exhausted.* 
*  The  commonly  received  theory  of  the  formation 
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LESSON  IX. 
Hydrogen  {continued). 
What  takes  place       Exp.  17.  Usc  HCl  (liydrocliloric  Ecid) 
ri^c  Tci/  is°used  instead  of  SO^HO,  and  the  process  will  te 

instead    of  sul- 
phuric ? 

of  H  is,  that  the  zinc  unites  with  the  0  of  the  free 
water,  instead  of  the  water  which  is  combined  with 
the  SO',  which  conclusion  resulted  probably  from  the 
■well-known  fact  that  several  of  the  metals,  when  pre- 
sented to  water  without  the  presence  of  an  acid,  will 
slowly  become  oxydized.  Hence  the  SO'HO  (sul- 
phuric acid)  was  supposed  to  act  as  a  solvent  of  this 
oxide,  while  the  free  water  was  decomposed.  This 
theory,  however,  is  erroneous,  as  will  appear  from  the 
following  considerations  :  1st,  it  is  a  fixed  law,  to 
■which  there  are  no  exceptions,  that  when  a  metal  is 
presented  to  two  compounds  containing  O,  and  it 
elects  this  element  from  one  of  them,  it  invariably 
takes  it  from  the  compound  which  is  easiest  decom- 
posed. Ternary  compounds  are  easier  decomposed 
than  binary.  SO^HO  is  a  ternary  compound,  and  free 
HO  is  binary.  Hence  the  zinc  must  take  0  from  the 
SO'HO.  2d,  Sulphuric  acid,  in  its  active  state,  is 
SO*,  H,  and  here  the  force  which  holds  the  H  and  O 
together  is  divided  into  three  parts  instead  of  two,  in 
the  case  of  water ;  therefore /rec  HO  requires  more 
force  to  decompose  it  than  HO  when  chemically  com- 
bined with  S.  The  metal,  it  is  true,  will  slowly  elect 
O  from  free  water  when  the  acid  is  not  present,  but 
as  soon  as  the  acid  is  presented,  the  action  is  entirely 
changed,  as  O  is  now  presented  to  the  metal  which  it 
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more  simple.     In  this  decomposition  the 

Fig.  12. 
H, CI.  n  (set  free). 


Draw  and  explain 
Fig.  12. 


zinc  simply  unites  with  the   CI  of  the 

Give  the  formula,  acid,  and  the  H  is  liberated.  Formula, 
HCl;  Zn  =  ZnCl;  H. 

Exp.  18.  Attach  a  bubble-pipe  to  the 
gas-bag  containing  H,  and  fill  soap-bub- 
bles with  the  gas ;  they  rapidly  ascend. 

Is  H  heavier  than  Heiice  H  is  lighter  than  air.  Apply  a 
lighted  candle  to  a  bubble  after  it  is  dis- 
engaged from  the  pipe.     It  will  burn.     H 

Is  it  combustible  ?  is  a  combustiblc  gas. 

What      experi-       JSxp.  19.  Lift  a  jar  of  H  from  the  plate ; 

ments  prove  that  .  -  i  i  •    i  i 

II  is  lighter  than  keep  its  mouth  dowuward,  ana  quickly 

air,  and  that  it  is  x  j 

combustible?       pass  a  lighted  candle  upward  into  it;  a 

requires  but  a  comparatively  slight  force  to  separate 
from  its  previous  combination.  3d,  The  quantity  of 
H  obtained  is  dependent  upon  the  quantity  of  acid 
added  instead  of  the  quantity  of  free  water.  We  may 
safely  draw  the  conclusion,  then,  that  the  free  water 
is  not  decomposed,  but  simply  acts  as  a  solvent  of  the 
ZnO,  SO'  (sulphate  of  oxide  of  zinc) ;  that  salt,  not 
being  soluble  in  the  acid,  would  remain  as  a  solid  in- 
crustation upon  the  surface  of  the  metal,  if  water  were 
not  present  to  dissolve  it,  and  thus  the  decomposition 
of  the  acid  would  cease.  If  sulphate  of  oxide  of  zinc 
were  soluble  in  sulphuric  acid,  the  gas  would  be  read- 
ily disengaged  without  the  addition  of  water. 
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When  H  burns,  slight  cxplosion  will  take  place,  and  the 

what  is  the  color  -n    i  •   i  i  ^  n 

of  the  flame?       eras  will  Dum  witli  a   dIuc  flame  at  the 

What  experiment    ° 

proves  this  2  moutli  of  the  jar,  hut  the  candle  will  he 
extinguished  while  immersed  in  it.  Slow- 
ly withdraw  the  candle  downward,  and 
it  will  he  relighted  hy  the  hurning  gas. 
Thus  the  candle  may  he  extinguished  and 
relighted  for  several  times  in  the  same 

Will  H  allow  any  jar.     H  will  hum  itself,  hut  will  allow 

body  to  burn  in  i  -i  i     t      i  n  •  x    • 

it 7  no  combustible  body  to  burn  m  it,     "  It  is 

combustible,  but  a  non-supporter  of  com- 
bustion." 

What  is  Exp.  20  ?  Exjj.  20.  Rcmove  ajar  of  H  from  the 
water,  and  place  it  upon  the  table  with  the 
moutli  upward  ;  apply  a  lighted  match  to 
the  mouth  of  the  jar  as  quickly  as  possi- 

wiii  water  extin-  ble.  The  gas  is  set  on  fire.  Pour  in  wa- 
ter ;  the  flame  is  not  extinguished. 

Exp.  21.  Attach  a  jet  or  pipe-stem  to 
the  H  w^asher,  as  the  gas  is  set  free  from 
the  generator.  Wait  four  or  five  minutes 
for  the  gas  to  expel  the  air,  and  apply  a 
lighted  match  to  the  jet.  The  gas  burns. 
Drop  some  iron  filings  into  the  flame. 
They  burn  vividly.     Hold  a  small,  dry 

Is  much  heat  pro-  bottle  ovcr  the  flame,  and  it  will  soon  be 

burns?  filled  with  watery  vapor.     When  H  byrns 

How   would    you 

prove  this?         in  air,  an  intense  heat  is  produced,  and 

What    is    formed  '  ^ 

when  H  burns  in  the  rcsultiug  compouiid  is  \vater  (HO). 
Explain  Exp.  22.        Exp.  22.  Place  the  broken  beak  of  a 
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retort  over  the  ignited  jet  of  H  (a  large 
glass  tute  is  Letter).  Pass  it  downward 
(see  Fig.  13)  until  a  penetrating  tone  is 


Fig.  13. 


What  is  the  tone  produced.     The  tone  is  not  the  science  of 

called?  ^  . 

music,  but  the  music  of  science.  It  is 
M^hat  is  its  cause?  prohablj  produccd  by  a  series  of  slight  ex- 
plosions, which  are  unheard  unless  partly 
confined. 
Explain  Fig.  14.  Exp.  23.  Prepare  a  leaden  cannon  or 
tin  tube.  Fig.  14,  holding  about  three  gills, 


with  an  orifice  near  the  breech  one  tenth 
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of  an  inch  in  diameter.  Fit  a  long  cork 
to  the  muzzle  air-tight.  It  must  pass  into 
the  tube  at  least  one  inch.  Now  place 
the  thumb  of  the  left  hand  firmly  upon 
the  orifice,  and  hold  the  muzzle  over  a  jet 
How  much  of  the  of  H  (uot  ignited)  until  about  one  third 

air  should  be  dis-  .  .        -,   .        , 

placed  by  the  H?  of  the  air  contamcd  m  the  tube  or  cannon 
has  been  displaced  by  the  gas.  Keep  its 
mouth  downward,  with  the  thumb  firmly 
pressed  upon  the  orifice,  and  force  in  the 
cork  by  placing  it  upon  the  table  and 
pressing  the  tube  down  over  it.  Have  a 
slip  of  paper  folded  several  times  lying 
near  a  lighted  candle.  Ignite' one  end  of 
it,  and,  having  laid  the  tube  upon  the  ta- 
ble, remove  the  thumb,  and  quickly  apply 
the  flame  to  the  orifice.     A  loud  report 

To  what  is  the  ex-  wiU  follow.     Hencc  two  volumes  of  air 

and  one  of  H  form  an  explosive  mixture. 

Exp.  24.  Hold  a  two-ounce  phial  over 

a  jet  of  H  (not  ignited)  for  a  short  time. 

Turn  the  mouth  upward  and   apply  a 

What  causes  the  flame.      A  wliizziiig  report  will  follow, 

whizzing  report  ?       ,  .   ,      .  .  i 

which  is  owing  to  the  successive  union 
of  the  particles  of  H  with  the  particles 
of  0  of  the  air. 

Synopsis  of  H. 
What  is  said  of      It  is  the  lightest  of  all  known  elements, 
on  account  of  which  property  it  has  been 
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Why  has  it  been  used  for  filling  ballooiis.    It  is  a  gas  which, 

used    for    filling  .  .  , 

balloons?  when   pure,  is  without   color,  taste,  or 

Has  it  color  ?  ^  '       .  '  _ 

Taste?   Smell?     smell.     As  it  is  ordinarilv  formed,  it  has 

What  imparts  an  •' 

odor  to  it  as  it  is  g^jj  uiiplcasant  odor,  which  arises  from  the 

commonly  form-  I  ' 

vnLd  -with  o  impurities  it  contains.  It  unites  with  0 
wim  does  it  ^Q  fQj,^  jjQ  (^vater).  H  is  comhustible, 
wm'^T^ support  t)ut   will   not   support    combustion,    and 

combustion?  r  -xi        •  i      •  •    ±  tx 

How  does  it  form  lomis.  With  air,  an  explosive  mixture.     It 

an         explosive    .  ,  .  ,  ,  ii      i      -c   -j^    • 

mixture?  IS  uot  poisouous  wiieu   breathed,  it  it  is 

Is     it     poisonous  i     •,   i  T  /v     x 

when  breathed  ?   Durc,  though  it  lias  a  pcculiar  eiiect  upon 

What  effect  has  it     ,  .  .  .  -,     . 

upon  the  voice  ?    the  volcc,  a  sliriU,  squeaking  tone  being 
Why   would  an  imparted  to  it.     An  animal  placed  in  H 

animal  placed  in  ,  ,  t      r  ,      r  /~^ 

H  die  ?  would  sooii  die  lor  want  oi  U. 


LESSON  X. 
equivalent  of  o  ?    Oxygevi.     Equivalent 'd.     Symbol  O. 

Its  symbol  ? 

What  mixture  is        Exp.  25.    Pulvcrize  three   parts   of 

ing  o  ?  ClO^,  KO  (chlorate  of  potassa)  with  one 

part  of  MnO"  (peroxide  of  manganese), 

and  introduce  three  or  four  ounces  of  the 

Into  what  is  the  mixturc  iiito  a  glass  retort  containing  a 

mixture  placed  ?         . 

pint.     The  retort  should  be  supported  by 
a  stand.  Fig.  15.     Place  the  retort  in  a 

How  is  heat  ap-  ini  iii  i 

plied?  sand-bath,  and  apply  the  strong  heat  oi 

What  is  first  driv-  a  spirit-lamp,  which  will  soon  drive  over 

en  over  ?  .  .         ,  .         , 

the  air  contained  in  the  retort,  and  a  rap- 
What  follows?      id  disengagement  of  0  (oxygen)  will  soon 
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Fig.  15. 


How   may   O  be 
collected '. 


Why  should  the 
beak  of  the  retort 
be  removed  from 
the  water  before 
the  heat  is  less- 
ened? 


ttow  may  the  re- 
maining materi- 
als be  removed 
from  the  retort  ? 

What  were  the 
substances  used 
for  obtaining  O  ? 


follow,  which  may  he  collected  over  water 
m  half-gallon  candy-jars,  as  in  Exp.  16.* 
Having  ohtained  the  quantity  required, 
remove  the  heak  of  the  retort  from  the 
water,  for  if  the  heat  be  first  removed,  the 
gas  in  the  retort  will  condense,  and  the 
water  will  flow  in  upon  the  hot  glass, 
when  it  will  break  in  pieces.  Wlien  the 
retort  has  cooled,  the  remaining  materials 
may  be  washed  out  with  w^ater. 

The  substances  used  for  obtaining  0 
were  chlorate  of  potassa  and  peroxide  of 


*  The  sand-bath  consists  of  a  tin,  sheet  iron,  or 
copper  vessel,  nearly  the  shape  of  the  bottom  of  the 
retort,  filled  with  dry  sand.  Its  object  is  to  diffuse 
the  heat  equally  over  the  surface  of  the  glass,  and 
thus  lessen  the  liability  of  its  breaking. 
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Was  the  peroxide  manganese.     The  peroxide  of  manganese, 

of  manganese  de- 

composed!  however,  has  not  been  decomposed,  but 

How  did  it  act  1     simply  acted  upon  the  chlorate  of  potassa 
When  a  body  as-  bj  its  preseucc.     Where  one  body  assists 

sists    to   decom-    ,        -,       '  ,^  .  ,^         ,    • ,      t  r 

pose      another  to  dccompose  another  without  itseli  un- 

without       itself  .  ,  .  .  II     1 

undergoing      a  clergomg  a  Change,  the   action  is  called 

change,  wliat   is 

tiie  action  called?   prescnce  ov  catalvtic  action.     The  chlo- 

Can    we    decom- 
pose chlorate  of  rate  of  Dotassa  may  be  decomposed  and 

potassa   without  i  j  i. 

the  presence  of  jts  0  sct  frcc  without  the  prcscnce  of  the 

the  manganese  ;  r 

Is  any  more  heat  manganese,  but  the  heat  required  would 

required?  1,        i,       i.  j.      •  + 

be  about  twice  as  great. 

Fig.  If). 


Draw  the  diagram 
upon  the  black- 
board. 


ofwhat  is  chloric       Cliloric  acid  is  composed  of  CI  and  0^. 

acid  composed  T  . 

What  is  the  com-  Potassa  IS  composcd  of  one  atom  of  the 

position    of   po-  ' 

tassa?  metal  K  and  one  of  0.     When  heat  is 

What  takes  place 

plfed"?*"^^' '"  ''^'  applied  to  this  salt,  the  CI  unites  with  the 
K,  setting  free  five  atoms  of  0  from  the 
chloric  acid  and  one  atom  from  the  potas- 

what  new  com-  sa,  wliilc  tile  ucw  compound,  KCl  (chlo- 

pound  remains  in      •  -i  c  ■  \  ■         •         i 

the  retort?  ridc  01  potassium),  remains  in  the  retort. 

With  what  is  it  mixcd   mechanically  with  the  oxide   of 

mechanically 

mixed?  iiiangancse  (MnO-). 

How  may  a  jar  of       Exf.  26.  Rcmovc  a  jar  of  0  from  the 
from  the  plate  to  plate  by  placing  the  mouth  of  it  beneath 

the  table  for  Exp.      .  -  „    ,  in-  i 

261  the  surlace  oi  the  water  and  allowing  the 

plate  to  sink.     Now  slide  a  piece  of  tin  or 
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glass  wrapped  with  newspaper  under  the 
mouth  of  the  jar,  which  being  held  with 
one  hand,  the  jar  may  he  removed  to  the 
tahle  and  placed  in  an  upright  position. 
If  a  living  mouse  Introduce  a  living  mouse  into  0,  and  im- 
what  do  his  ac-  mediately  cover  the  jar.     His  actions  will 

tions  show  ?  i         i       i  •  c 

soon  show  that  he  lives  faster  than  he  did 
How    will    he  in  common  air.     He  will  breathe  more 

breathe  ?  .  *  ,  , 

rapidly,  and  often  play  "  fantastic  tricks." 
What wiu follow?  Syiuptoms  of  stupor  follow  these  antics, 

and  if  not  quickly  removed  from  the  jar, 

death  will  ensue.     The  animal  has  lived 

too  fast. 
What  two  facts  do       In  this  experiment  we  not  only  learn 

we  learn  by  this  •         i     i  •  c        n  i 

experiment?        that   O   supports    aiiimal  life,  but  that, 

when  breathed  pure,  animals  live  too  fast. 

With  what  has  Hcuce  a  bciievolent  Creator  has  diluted 

ted  this  life-sus-  tlus  lifc-sustaining  substance  with  four 

taining  sub-      .  •nuc  ^  •    i 

stance !  timcs  its  bulk  of  a  gas  which  neither  sup- 

ports nor  destroys,  but  which  is  entirely 
What  is  the  gas  passivc  wlieii  breathed.     It  is  called  Ni- 

caUed?  ^ 

trog-en. 

Exp.  27.  Place  a  piece  of  roll  sulphur 
j,.^  J-  of  the  size  of  a  pea  upon  a  cap- 
sule, which  should  be  two  and 
a  half  inches  high,  having  a 
cup  of  copper.  (See  Fig.  17.) 
Set  the  capsule  upon  a  dinner- 
plate  filled  with  water,  and  ig- 
nite the  sulphur.     Notice  how 
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How  does  sijiifliur  it  burtis  in  air.     Now  place  over  it  a  jar 

burn  in  air ! 

of  0,  the  mouth  of  which  may  rest  upon 
the  plate  beneath  the  surface  of  the  wa- 
How  in  o  T  ter.    The  sulphur  will  burn  with  increased 

With  what  will  brilliancy,  and  the  whole  jar  will  be  filled 
With  what  has  with  a  bcautiful  blue  fume.  S  (sulphur) 
ted  ?  has  united  with  0  in  the  proportion  of  1 

In   what  propor-  /-^        tx  ^  i    •  i    • 

tion?  to  2.     Hence  the  resultm^  compound  is 

What  is  the  name  _  ° 

of  the   resulting    gQ^   (sulphurOUS  acid). 
compound;  ^        '■ 

Exp.  28.  Cover  a  jar  of  0,  as  in  Exp. 
26,  and  place  it  upon  the  table.  Attach 
a  piece  of  tallow-candle  to  a  wire  not  less 
than  one  foot  long.  Light  the  candle, 
and  allow  it  to  burn  for  a  short  time. 

Explain  Exp.  28  Extinguish  the  flame,  and  introduce  it, 
with  the  wick  glowing,  into  the  jar  of  0. 
It  will  burst  into  vivid  combustion  with  a 
slight  report.  It  may  be  extinguished  and 
relighted  in  this  way  for  several  times  in 

What  is  the  result  the  samc  jar  of  0.    The  result  of  the  com- 

tion?  bustion  is  CO^  (carbonic  acid)  and  HO 

(water). 

If  a  piece  of  the       Exp.  29.  Instead  of  the  candle,  attach 

bark  of  charcoal  .  r  xi       i        i        c     i  i    i 

be  ignited  and  a  piccc  oi  the  bark  01  charcoal  to  a  wire ; 

plunged  into  ajar 

ofo,  what  beau-  icrnite  0110  comcr  of  it,  and  plun^'e  it  into 

tiful  effect  is  pro-     =>  ^  i  d 

duced?  ajar  of  0  arranged  as  in  Exp.  28.     The 

jar  must  be  kept  covered,  and  the  burn- 
ing coal  must  not  come  in  contact  with 
its  side.     Brilliant  stellated  scintillations 

with  oT    "'      will  burst  from  the  coal,     C  (carbon)  has 
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In  what  proper-  united  with  two  atoms  of  0,  forminsr  CO^ 

tion?  ,         .  .     , 

whatistheciiem-  (carbonic  acid). 

ical  name  of  the    ^  ' 

Tund"°  '°™'  Exp.  30.  Instead  of  the  sulphur  in  Exp. 
"  horuT  ma?°be  ^^'  ^^^  ^  P^^^®  ^^  ^  (phosphorus)  half  the 

the  sulphur^  °^  s^^®*  '^^^^  light  is  veiy  intense,  and  when 
With  what  is^the  it  ceases  the  jar  will  he  filled  with  a  white 
AVhat  ''compound  fumc,  wliicli  is  PO^  (pliosphoric  acid),  the 

is  formed  ?  i  i       c  j  i  i         j  • 

result  01  the  combustion. 
How    should    a       Exp.  31.  Hold  ouc   cud  of  a  hroken 

watch-spring   be  . 

prepared       for  watcli-sprinsf  in  the  flame  of  a  spirit-lamp 

burning  in  O  ?  .  .  . 

until  the  temper  is  removed.     Now  file  it 

to  a  thin,  sharp  edge.     Cut  off  the  upper 

end  of  a  friction  match  so  as  to  leave  a 

clean  pine  stick  a  little  more  than  half  an 

inch  long.     Force  the  sharp  edge  of  the 

metal  into  the  stick  nearly  a  quarter  of  an 

inch,  and  it  will  be  ready  for  use.     Have 

How  is  the  jar  of  a  half-ajallon  candy-iar  three  quarters  fill- 
gas    to    be    ar-  .    °  .    .  ,     . 

ranged?  ed  witli  0,  the  remaining  space  being  oc- 

cupied with  water.  Transfer  this  to  the 
table  as  in  Exp.  26.  Ignite  the  end  of 
the  pine  stick  and  immerse  it  dexterous- 

why  should  it  be  ly  iiito  the  jar,  which  should  be  kept  cov- 
ered in  order  to   exclude  the   air.     The 

}iow  does  the  pine  stick  bums  rapidly  until  it  reaches  the 

stick  burn  inO?  ,  . 

luzzy  edge  oi  the  metal,  which  now  takes 
^i's'*''presMTeT"as  fi^'S,  and  throws  out  coruscations  of  light 
t^he^  steel  takes  ^£  surpassing  beauty.     Hence  we  learn 

What  do  we  learn    ,t      .    r\   ■      ,^  ,  j.  c  t_ 

from  the  forego-  that  O  IS  the  great  supporter  oi  combus- 
in^ol^^^"'"''"  ^  tion,  and  also  the  great  sustainer  of  animal 
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What  is  O  in  its 
elementary  form? 


Is  it  combustible  ? 
Do  combustible 
bodies  burn  in  it ; 

How  are  all  ordi- 
nary combus- 
tions produced? 

Of  what  is  tallow 
chiefly  com- 

posed? 

When  a  candle 
burns  in  air, 
with  what  do 
carbon  and  hy- 
drogen unite  ? 


What  is  the  color 

of  the   hydrogen 

(lame  ? 
iJoes  the  O  of  the 

air     first     unite 

with  the  II  ? 
Why  is  this  ? 

What  causes  the 
blue  appearance 
of  the  lower  por- 
tion of  the  liame 
of  a  candle? 


In  what  form  does 
the  carbon  pass 
upward  ? 


With  what  does  it 
now  unite  ? 

What  is  the  color 
of  the  flame  pro- 
duced by  the  car- 
bon ? 

What  surrounds 
the  outer  portion 
of  the  flame  ? 

What  is  the  cause 
of  this? 


life.  In  its  elementary  form  it  is  a  gas 
having  neither  taste,  smeU,  nor  color.  It 
is  not  comhustible,  though  combustible 
bodies  burn  in  it  with  great  brilliancy. 
All  ordinary  combustions  are  produced  by 
the  direct  union  of  0  with  the  combusti- 
ble body.  Tallow  is  chiefly  composed  of 
C  (carbon)  and  H  (hydrogen).  When  a 
candle  burns,  C  and  H  chemically  unite 
with  the  0  of  the  air,  forming  two  com- 
pounds, CO^  (carbonic  acid)  and  HO  (wa- 
ter). H  burns,  as  has  already  been  seen, 
Exp.  19,  page  37,  with  a  blue  flame ;  and 
as  the  0  of  the  air  has 
a  stronger  affinity  for 
H  than  for  C,  the  H 
burns  first,  which  ac- 
counts for  the  blue  ap- 
pearance, a  a,  Fig.  18, 
of  the  lower  portion  of 
the  flame.  The  C,  now 
freed  from  the  H,  passes  ^''^l-^B 
upward  in  the  form  of  a  '-^'^ 
dark  cone,  b,  and,  being  ■ 
intensely  heated,  com- 
bines with  0  and  burns 
with  a  yellow  light,  c. 
A  pale  envelope,  d,  sur- 
rounds the  outer  portion  of  the  flame,  which 
is  caused  by  an  incomplete  supply  of  C. 
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When  o  unites       "When   0  unites  with  a   combustible 

■witli  a  combusti-  •       ti 

bie  body,  what  is  bodv,  hcat  IS  hberated,  the  amount  of 

liberated  if' 

upoa  what  does  which  depends  upon  the  quantity  of  0  con- 

the   quantity   of  i  i  i.  j 

heat  depend?       sumcd.     The  Smith  uses  the  bellows  in 

How     does     the 

faTge\uSy^ofo  ^^^^i  to  bring  an  additional  supply  of  0 
JSecharco'an''"''  ^^  coutact  with  the  charcoal  (charcoal  is 

What  IS  charcoal?   ^^^^.j^  ^^^^  carbon). 

What  is  said  of       0  is  the  most  widely  diffused  of  the  ele- 

the  diffusion  of 

o  ?  ments,  constitutinsr  eight  ninths  of  all  the 

What  part  of  wa-  '  ^       ° 

ter^^s  composed  watcrs  upou  the  surfacc  of  the  earth,  and 
What  of  the  air?    about  oiie  fifth  of  the  atmospherc.     It 
also  enters  largely  into  combination  with 
ofrocks  and  soils?  other  elements  to  form  rooks  and  soils. 


LESSON  XL 

icai  name  of  wa-      Pfotoxide   of  Hydrogeu   ( Water). 
Its  equivalent  ?  Equivalent*^.     Symbol  HO. 

Symbol  ? 

How  may  a  gas-       Exp.  32.  Fill  au  ludia-rubbcr  gas-bag 

bag  be  filled  with        .         >.    i  o  o 

o?  with  0  by  means  of  the  bell-glass  and 

pneumatic   trough.      Fill   the   bell-glass 

Describe  the  pro-  with  the  gas,  with  the  stop-cock  closed. 

cess  in  full.  i         •     r 

rress  the  air  from  the  gas-bag,  and  attach 
it  to  the  stop-cock.  Now  open  the  pas- 
sage from  the  bell-glass  to  the  gas-bag  by 

What  is  the  equiv-       *  The  equivalent  of  a  compound  is  the  sum  of  the 
pound"    *  *^°'""   equivalents  of  its  elements.     The  equivalent  of  O  is 
8,  and  that  of  H  is  1  ;  8+1=9,  the  equivalent  of  the 
compound  protoxide  of  hydrogen. 
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turning  tlie  stop-cock,  and  press  the  bell- 
glass  into  the  water.  The  superior  weight 
of  the  water  will  force  the  gas  upward 
into  the  gas-hag.     (See  Fig.  19.)     The 


Fig.  19. 


Upon  vrhat  is  the  stop-cock  mav  HOW  he  closed,  and  the  gas- 
gas-bag    to    be  ^  -^  '  ° 
placed  when  nil-  hag  placed  upon  a  hlock.     Attach  the  jet, 

which  should  he  elevated  ahout  20°.     In- 
troduce the  materials  for  obtaining  H  into 
the  generator,  and  attach  the  washer,  as 
H  ^apparatus  be  directed  in  Exp.  16,  page  32.     Also  the 
a  short  time  be-  jct,  as  ill  Exp.  21,  page  38,     Allow  the 

fore  igniting  the  j^         j         ^        i    p  r  ■       i 

jet?  apparatus  to  stand  tour  or  nve  minutes, 

C 
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in  order  to  expel  the  air  ;  then  ignite  the 
H  as  it  issues  from  the  jet.  Bring  the  0 
jet  within  one  eighth  of  an  inch  of  the 
turning  H,  and  about  the  same  distance 
ahove  the  point  from  whence  it  issues. 
Place  a  small  piece  of  hoard  or  some  oth- 
er weight  upon  the  gas-hag,  and  open  the 
stop-cock.  The  two  gases  wiU  now  burn 
What  does  the  ap-  together.     (See  Fig.  20.)     The  apparatus 

paratus  thus  ar-  ^  o  /  ri 

r«i|e<i    consti-  thus  arranged  constitutes  an  oxy-hydro- 
gen  hlow-pipe. 

Fig.  SO. 


Exp.  33.  Hold  in  the  flame,  by  means 

of  a  pair  of  pliers,  a  fine  piece  of  copper 

wire  not  more  than  an  inch  long.     It  will 

flame  does^  burn-  bum  witli  a  beautiful  green  flame.    0  has 

ing   copper  pro-  .       .        .  , 

dune?  united  with  copper. 
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Exp.  34.   Instead  of  the  copper,  use 
How  does  iron  iroii  wiro.     It  will  burn  with  scintilla- 
tions.    Protoxide  and  sesquioxide  of  iron 
are  formed  by  the  combination. 

Exp.  35.  Treat  in  the  same  manner  a 
How  does  piati-  piecc  of  platinum  wire.  It  will  burn  with 
Can  platinum  be  a  delioatc  wliito  light.     This  metal  can 

melted     by     the 

heat  of  the  most  not  bc  bumcd  or  even  melted  by  the  heat 

powerful         fur- 

nace  1  of  tlic  most  powcrful  fumacc,  yet  it  burns 

readily  in  the  oxy-hydrogen  flame. 

Exp.  36.  Wliittle  a  piece  of  unslaked 

lime  to  a  sharp  point,  and  hold  it  in  the 

When  lime  is  held  flame.     A  light  wiU  be  produced  nearly 

in  the  oxy-hydro-  ,  ,.  ,  -p.  ni,,,i 

gen  flame,  what  as  dazzliug  as  the  suii.     it  IS  Called  "the 

is  produced?  it-imc  -i-t 

What  is  the  light  Drummond  Light,    from  its  having  been 
Why  is  it  called  discovcred  by  Lieutenant  Drummond,  of 

the    Drummond     ,       -rv   •   •  i 

ligiit?  the  British  navy. 

What  takes  place       Exp.  37.    Fill   a  bcll-glass  with   the 

when   H  and   O         .  . 

are  mixed  togeth-  mixcd  gascs,  by  volumc  two  of  H  and  one 

er,    by    volume,       n  r-\ 

two  of  H  and  of  0.     Traiisfcr  to  the  gas-bag,  attach  the 

one    of   O,    and  °  °' 

soap-bubbles  fill-  bubblc-pipc,  and  fill  soap-bubbles  with  the 

ed  with  the  mix-  11'  1 

tare  are  ignited?  mixed  gascs.*  By  the  aid  of  an  assistant, 
each  bubble  may  be  ignited  as  it  ascends. 
A  loud  report  will  follow.  The  0  and  the 
H  contained  within  the  bubble  are  now 


*  Great  caution  should  be  observed  in  performing 
experiments  with  the  mixed  gases.  The  bubble  should 
not  be  ignited  until  it  is  at  least  two  feet  from  the 
pipe,  otherwise  the  fire  might  be  communicated  to  the 
gas-bag,  when  the  whole  would  explode  at  once. 


52 


FIRST    PRINCIPLES    OF    CHEMISTRY. 
Fig.  21. 


What  is  the  re- 
sulting com- 
pound? 

What,  then,  do  we 
learn  ? 


In  what  propor- 
tion do  tliese 
gases  burn  to- 
gether ? 

What  compound 
is  formed  ? 

What  causes  the 
intense  heat  1 


How  much  do  the 
gases  condense 
when  they  unite 
chemically  ? 


chemically  united,  and  the  resulting  com- 
pound is  HO  (water).  (See  Fig.  21.) 
Hence  we  learn  that  if  H  is  mechanically 
mixed  with  0,  by  volume  two  of  H  and 
one  of  0,  it  forms  an  explosive  mixture. 
The  two  gases,  as  has  already  heen  seen, 
burn  together  in  the  same  proportions, 
and  the  resulting"  compound  is  the  same 
in  both  cases,  HO  (water).  The  cause 
of  the  intense  heat  produced  when  the 
two  gases  burn  together  may  be  found  in 
the  condensation  of  the  gases  as  they 
unite.  Whenever  bodies  condense,  heat 
is  set  free,  and,  during  the  chemical  un- 
ion of  H  and  0,  the  gases  are  condensed 
three  thousand  times ;  that  is,  three  thou- 


CHLORINE.  53 

sand  pints  of  the  mixed  gases  form  only 

one  pint  of  water. 
How  many  atoms       One  atom  of  H  unites  with  one  atom 
one  atom  of  o  to  of  0  to  form  Water;  hy  volume,  two  of 

form  water?  .  .    . 

How  much  by  vol-  H  and  one  of  0  ;  and  by  weight,  one  of 

ume?  '  JO' 

How   much   by  H  and  eisfht  of  0.     Now,  if  one  pint  of  0 

weight?  ^  '  ^  _ 

weighs  eight  times  more  than  two  pints 
How  much  heav-  of  H,  then  one  pint  of  0  must  weigh  six- 

ier,    then,   is    O  ^  •  r-    tt 

than  HI  teen   times   more  than   one  pmt   of  H. 

Therefore  0  is  sixteen  times  heavier  than 
H. 


LESSON  XII. 
aient  of  chlorine?  ChloHne.    Equivalent  25.     Symbol  CI. 

Its  symbol  ?  ^  ^ 

Exp.  38.  Introduce  into  a  small  glass 

flask  two   ounces  of  HCl   (hydrochloric 

acid),  and  about  one  third  of  an  ounce  of 

MnO^  (peroxide  of  manganese).     Adapt  a 

Describe  the  ap-  cork  to  the  flask,  and  also  a  glass  tuhe 

paratus  used  in  ^  .    ,  . 

forming  it.  bcut  at  right  angles  ;  attach  another  sim- 

ilar tube  by  means  of  an  India-rubber  con- 
nector, so  as  to  conduct  the  element  set 
free  downward.  Place  the  flask  in  the 
sand-bath,  and  apply  a  gentle  heat,  when 
CI  will  be  rapidly  disengaged,  and  may 

What  kind  of  bot-  be  Collected  in  six-ounce  bottles  for  use. 

ties  are  used  lor 

collecting  CI?       The  bottlcs  should  have  wide  mouths  and 
ground  stoppers.      One  end  of  the  tube 
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should  pass  to  the  bottom  of  the  bottle, 
Why  does  the  gas  and  the  gas,  belnsf  heavier  than  air,  will 

exneltheair?  o       /  o  


expel  the  air  ] 


soon  expel  it. 


(See  Fig.  22.) 

Fig.  22. 


When  the 


How  is  the  bottle 
to  be  closed  when 
filled  with  it  ? 


Why  wave  a  rag 
wet  with  ammo- 
nia and  alcohol  in 
front  of  the  face 
while  experi- 
menting with  CI  ? 


What     materials 
were  used  ? 


bottle  is  filled  with  a  light  green  sub- 
stance, it  may  be  removed,  and  carefully 
closed  with  the  ground  stopper  smeared 
with  tallow.  Another  bottle  may  now  be 
filled  in  a  similar  manner.  A  large  rag, 
wet  with  alcohol  and  liquid  ammonia,  con- 
stantly waved  in  front  of  the  face,  will 
prevent  any  injurious  effects  which  might 
occur  from  breathing  minute  portions  of 
this  noxious  element. 

The  materials  used  for  obtaining  CI 
were  MnO-  (peroxide  of  manganese)  and 
HCl  (hydrochloric  acid).     When  MnO^  is 


CHLORINE.  55 

When  hydrocwo-  brouglit  ill  contact  witli  HCl,  the  0  of  the 

ric        acid        is  .  •    i        i        tt       r-    ^        tt/-^i 

brought  in  con-  MnO"  uiiites  With  the  H  of  the  HCl,  and 

tact  with  perox- 
ide  of  manga-  fomis  HO  (water),  while  the  Mn  unites 

nese,    what    be-  \  " 

wilh^^wha^does  ^^*^  *^^  ^^'  ^^^  forms  MnCP  (bicliloride 
Tiie  ^'  Sound  ^f  manganese) .  This  MnCP  readily  gives 
iiow  is  one  atom  "P  one  atom  of  its  CI  on  applying  heat, 
when  the  bichloride  of  manganese  is  re- 
duced to  a  protochloride.  MnCP  =  MnCl ; 
+  CI  set  free. 


of  CI  obtained 
from  the  biclilo- 
ride of  manga- 
nese ? 


Fig.  23. 


01  (set  free). 


Draw  and  explain 
Fig.  23. 


211,  ..>.i 


Exp.  39.  Fill  a  small-necked  bottle  one 
third  full  of  water,  and  the  remaming 
space  with  CI.  Wet  the  thumb,  and  place 
it  firmly  upon  the  mouth  of  the  bottle,  and 
shake  it  briskly.  The  thumb  will  bo 
Why  is  the  thumb  prcsscd  iiito  the  bottle,  because  the  water 

pressed  into  the   ,  ,  t      i    l^        ^\^  i  i  i 

bottle  in  Exp.  40?  has  absorbcd  the  CI  and  produced  a  vac- 
How    much    CI  uum.     Water  absorbs  twice  its  own  bulk 
.^orb?  "    of  CI.     This  solution  is  called  Chlorine 

V/hat  is  the  solu- 
tion called  ?         water. 

If  calico  be  intro-       JExp.  40.  Iiitroducc  a  picce  of  calico, 

will  its  colors  be  sliglitlv  moistcncd  with  water,  into  a  iar 

affected?  .  .         . 

Does  01  act  upon  ofCl;  its  color  will  disappear.     Clbleach- 

all    animal    and  ,,  .         ,  ,  ,    -i  ^  i 

vegetable  colors  ?  68  all  animal  and  vegetable  colors. 
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AVhat  effect  does       Exp.  41,  DroD  a  few  dioDs  of  CI  water 

01    water    have    .  .  .  ' 

upon  ink?  into  some  ink,  its  color  will  be  discharged. 

Exp.  42.  Perfume  a  white  handker- 
chief with  otto  of  rose,  and  drop  some  CI 
water  upon  it.  Fold  and  press  it  a  few 
times  between  the  hands,  and  the  odor 

iiow  does  it  act  will  he  destroyed.     CI  destroys  all  per- 

upon     perfumes  i      ,i  rr        •  ^i  • 

or  all  kinds?        lumcs.  Whether    oiiensive    or   otherwise. 
How  upon  maiari-  Malarious   matters   which   cominunicate 

ous  matters  ?  in-  i 

disease  are  rendered  harmless  by  it ;  and 
How  may  a  sick-  tlic   sick-room   is   rendered  pleasant  by 

room  be  rendered  ■    y  ^•  r  \  in 

pleasant?  sprinkling  CI  Avater  over  the  floor. 

Exp.  43.  Take  as  much  pulverized  me- 
tallic antimony  as  can  be  held  between 
Describe  the  ex-  tlic  tliumb  aiid  finger.     Remove  the  stop- 

periment      with  i  i  /.   z-wi  i     i  •         i 

antimony.  per  from  a  bottle  of  CI,  and  drop  m  the 

metal.     It  will  glow  as  it  passes  down- 

with  what  will  ward  through  the  gas.     The  bottle  will 

the  bottle  be  fill-   ,         ^„     ,         7  ,  ,  .  -  i  •    i       • 

cd?  be   filled  with  a  white   lume,  which  is 

What  is  the  name 

of  the  compound?  oliloridc  of  antimonv.     CI  will  unite  di- 

Will  01  unite  with  -^ 

the  metals?        rcctly  with  the  metals. 
Describe  the  ex-       Exp.  44.  Put  a  Small  picco  of  gold-lcaf 

periment      with 

gold-leaf.  into  somc  CI  water.     It  will  soon  disap- 

pear.    The  element  CI  has  united  with 

What  is  the  com-  the  element  gold,  and  formed  the  com- 
pound caiied?  111-1       r      11 
pound  chloride  oi  gold. 

Describe  the  ex-       Exp.  45.  Wet  a  rag  with  oil  of  turpen- 

periment  with  oil      .  ,    .  -■     •  •  r  /-~ii         t^ 

ofturpentine.      tmc,  and  immcrse  it  in  a  jar  oi  LI.     it 
Does  01  support  wiU  bum   spoiitaiieously.      CI   supports 
combustion,  but  not  so  perfectly  as  0. 
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Exp.  46.  Drop  a  piece  of  the  metal 

Na  (sodium),  of  the  size  of  a  pea,  into  a 

Describe  the  ex-  gill  of  sti'ong  CI  Water.     A  Combination 

periment       with  i  i       • 

sodium.  wiU  take  place.     Evaporate  the  solution 

nearly  to  dryness,  and  allow  it  to  cool ; 

cubical  crystals  will  appear.     The  element 

With  what  has  CI  has  United  with  the  element  Na  and 

whatisthechem-  formed  NaCl  (chloride  of  sodium),  which 

ical  name  of  the    . 

compound?         is  commou  Salt,     ihus  we  see  that  CI 

Its  common 

name?  unitcs  dircctlv  with  the  metals  to  form 

With  what   does  "^ 

01  unite  to  form  salts,  Called  Clilovides.     It  is  a  gas  of  a 

salts  \  '  D 

^auscaued?*^*^^^  light  grceii  color,  and  is  about  once  and 
Toperties'ofcn  ^  half  heavier  than  air.     It  has  a  suffo- 
cating odor,  and  acts  as  a  deadly  poison 
when  breathed  in  any  considerable  quan- 
What  is  said  of  titv.    Consumptive  patients,  however,  are 

consumptive  pa-        .  ^       ^ 

tients?  •  said  to  liavc  obtained  temporary  relief  by 
breathing  it  in  very  minute  portions,  mix- 
ed with  a  large  quantity  of  air. 


LESSON  XIIL 
The  symbol  of  hy-    Hijpochlorous  Add.     Equivalent  43. 

pochlorous  acid ?  ci         i     i    /--ii  ^-\ 

Its  equivalent  1  i:iymOOl   CI  U. 

What  are  the  ma-  Exp.  47.    PlaCC   a   fcW   Crvstals   of  KO, 

terials    used    for  ,  ' 

obtaining  it?       ClO^  (chloratc  of  potassa)  in  a  beaker  or 

In  what  are  they  ^  ^  ' 

placed?  wine-glass,  and  cover  them  with  HCl  (hy- 

drochloric acid).     The  upper  part  of  the 
glass  will  soon  be  filled  with  a  gas  which 
C  2 
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What  color  has  reseiTibles  CI  (chlorine),  thouorh  its  color 

the  gas  ?  \  / '  o 

is  somewhat  brighter.     It  is  CIO.     2  at- 
oms of  HCl  and  1  atom  of  KO,  ClO^  are 

Give  the  formula  Converted    into   2H0  ;    KO    and    3C10. 

decomposSion'''  2HC1 ;    KO,  ClO^  -•=  2H0  ;   KO ;    3C10. 

upon   the   black- 
board. Sometimes  the  s^as  explodes  spontaneous- 

Does^  the  gas  ever  a  i  i 

explode  sponta-  Jy,     Hencc  the  cxperimeiiter  would  do 

neously !  >'  t^ 

well  to  stand  at  a  little  distance  while  it 
is  forming. 

Exp.  48.  Wet  a  pine  shaving  with  spir- 
Expiain  Exp.  48.    its  of  turpciitine,  and  immerse  it  in  the 
gas  by  means  of  a  bent  wire.     It  will 
burst  into  spontaneous  combustion. 

Exp.  49.  Fill  another  glass  with  CIO, 

as  in  Exp.  48.     Attach  a  small  bit  of  P 

If  phosphorus  be  (pliospliorus)  to  the  end  of  a  bent  wire, 

brought   in   con-  • ,    •        ,i 

tact  with  cio,  aiid  immersc  it  m  the  gas.     A  spontane- 

what    phenome-  .  -ii    ^  ii 

non  is  presented?    OUS  CXploSlOn  Will  folloW. 

Give  the  symbol  CMoTous  Acid.    Equivalent  67.     Sym- 

and  equivalent  of  -^  ^ 

chlorous  acid.  Jyol   ClO^. 

What    materials      Exp.  50.  Usc  SO^,  HO  (sulpliuric  acid), 

taining  chlorous  instead  of  HCl  (liydroclilorio  acid),  as  in 

Exp.  47.     The  wine-glass  will  be  filled 

What  is  its  color?  ill  a  short  time  with  a  gas  of  a  still  bright- 

why  should  the  er  color  tliaii  CIO  (hypochlorous  acid).    It 

experimenter  use    .        ^,,^  ,  .    ,       .  i      •  i 

great  caution  in    IS     CIO*,    wlucll     IS     VCrV     CXploSlVe,     and 
forming  chlorous  .  . 

acid?  should  be  used  with  great  caution. 

Exp.  51.  Immerse  a  piece  of  calico, 
moistened  with  a  little  water,  in  CIO* 
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What  is  said  of  (clilorous  acid).     It  wiU  soon  be  bleached. 

calico   immersed    ^s.,   ,    ,  ,      .       ,     /-.-i/-^  ,-<  ■,  ■,  ■  -,\ 

m  this  gas?         CI  (chlonnc),  CIO  (nypocnlorous  acid),  and 

VVhatis  thepecu-  ^  ''  . 

liar    characteris-    ClO^     (cllloi'OUS     aCld),     pOSSCSS     DOWerful 
tic   ol   hypoclilo-  ^  t '     l  i 

acid?""^  '""°™"^  bleaching  properties. 
The  symbol  and  Cliloric  Acicl.     Equivalent  75.     Sym- 

equivalent      .of  j     i    /-n  r^r, 

chloric  aeid?  Ool   (JIU  . 

Exp.  52.    Dissolve   some  chlorate  of 

baryta  in  water,  and  dilute  some  sulphuric 

How   is    chloric  acid  witli  two  parts  of  water,  and  add  it 

acid  obtained  I  i         r>  i       •  a         i  • 

gradually  to  the  first  solution.     A  white 
powder  will  be  thrown  down,  which  is  sul- 
phate of  baryta.    The  ClO^  is  set  free,  and 
Of  what  is  chio-  is  held  ill  solution.     Clilorate  of  baryta  is 
composed?         composcd  of  chloi'io  ucid  and  baryta.     Sul- 
which    exhibits  phuric  acid  has  a  stronger  affinity  for  the 

the   stronger  af-::  ii- 

finity  for  the  ba-  barvta  than  has  the  chloric  acid,  and,  by 

ryta,  the  sulphur-  -^  .  ^^     .  . 

ic  or  the  chloric  single  clectivc  affinity,  the  sulphuric  acid 

unites  with  the  baryta,  while  the  chlo- 

which  acid  is  lib-  ric  acid  is  liberated.     Sulphuric  acid= 

erated  ?  „ 

SO^,  HO.    Chlorate  of  baryta  =  BaO,  C10^ 
Give  the  formula  BaO,  ClO^ ;  SO^,  HO  =  BaO,  SO^:  HO; 

upon  the   black- 

Doard.  ClO^     ClO^  (chloric  acid),  in  this  dilute 

If  chloric  acid,  in  ^  ' 

this  dilute  state,  state,  if  allowcd  to  evaporate  spontaneous- 

is      allowed     to  '  r  i 

uneousr  what  ^y^  ^^^^^  evcntually  become  a  yellowish 
become r'^'"^'^  ^^^Y  liquid,  wlieii  it  is  said  to  be  concen- 
trated. 
If  a  slip  of  news-       Exp.  53.  Dip  a  sHp  of  newspaper  into 
into   concentra-  conceiitratcd  CIO'*.     Ill  a  short  time  it 

ted  chloric  acid,  i^-^c 

what  follows?     will  burn.     ClO^  parts  with  some  of  its 
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What  causes  the  0,  wliich  combiiies  With  the  comhustible 

combustion?  rrn  •  •  i    i  i  i         i 

Does  this  acid  matter.  This  acid  does  not  possess  bleach- 
possess    bleach-    .  ,  •         1  •  I         j^i  1  ■ 

ing  properties?    uig  properties  hke   the  preceding  com- 
pounds of  CI. 

Toi^of^  wchioHc  -^^''"  ^^'  HyperrMoric  Acid.    Equivalent 

itriivlntr'  91-    ^y^^oi  cio\  ■ 

What  does  this  This  acid  rescmblcs  the  preceding  in 
properties,  with  the  exception  that  its  af- 
finities are  much  stronger.     None  of  the 

Are  the  com-  compouiids  of  CI  are  at  present  well  im- 
pounds of  ciweii  11-  T  •  1  n  1 
understood?        dcrstood.     An  intermediate   acid,  cahed 

AVhat  is  said  of  hypochloric  acid,  ClO^,  partiahy  described 

by  Mihon,  has  been  omitted  on  account 

Has  its  existence  of  its  existeiicc  not  having  been  well  es- 

been  well  estab-  ° 

iished?  tablished. 


LESSON  XIV. 
Give  the  equiva-      Nitrogen  {Azote).     Equivalent  14. 

lent  and  symbol  ^,         -  -^ 

of  nitrogen  bymOOl  j\ . 

How  is  it  obtaiw-  Exp.  54.  Place  a  capsule  (Fig.  17) 
upon  a  soup  plate  filled  with  water.  Dry 
a  small  piece  of  P  (phosphorus)  carefully 
between  blotting-paper,  and  lay  it  upon 

Describe  Exp.  54.  the  capsulc.  Ignite  it,  and  quickly  invert 
over  it  a  half-gallon  candy-jar,  which  will 
soon  be  filled  with  dense  white  fumes.  P 
has  united  with  the  0  of  the  air  contained 
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in  the  jar,  and  formed  PO^  (phosphoric 

acid),  while  the  N  (nitrogen)  of  the  air  is 

left  free.     The  air  contained  in  the  jar 

Was  the  air  con-  was  not  a  chcmical  compound,  hut  a  me- 

tained  in  tlie  jar  .  .  ^^  .i         r  n         • 

a  chemical  com-  chanicai  mixture.     Hence  the  lollowmff 

pound?  .  .  . 

diagram  will  only  show  the  separation  of 


Explain  the  differ- 
ence between  a 
chemical  com- 
pound and  a  me- 
chanical mixture. 


What  becomes  of  a  meclianical  mixture.     The  white  fume 

the    white    fume  ^  . 

in  the  jar?  -will  soou  he  ahsorhed  by  the  water  in  the 

What  portion  of  plate,  whcu  ahout  four  fifths  of  the  iar 

the   jar   will   be   ^ 

fiued  with  water,  will  hc  nllcd  With  a  coloi'lcss  gas,  the  oth- 

and   what   with  _  _  _         ° 

gas?  er  fifth  being  occupied  with  water. 

Exp.  55.  Place  the  jar  containing  the 
N  in  an  upright  position  upon  the  table, 
and  lower  into  it  a  lighted  candle.     The 

Does        nitrogen   COmbustioil  will   CCaSC.       N  doCS  Uot  SUp- 
support  combus- 
tion? port  combustion. 

Exp.  56.  Fill  a  smaller  jar  with  N  by 
pouring  the  gas  upward  into  it  under  wa- 
ter.    The  receiving  jar  should  first  be  fill- 
ed with  water,  and  raised  with  the  mouth 
How  may  gases  downward  Until  its  mouth  is  near  the  sur- 

be       transferred  rm        •  •     •  i       ^t 

from  one  jar  to  face.     The  lar  containing  the  N  may  now 

another?  ''  ,   . 

be  depressed  in  the  water,  and  its  mouth 
so  directed  that  the  gas  will  escape  into 
the  smaller  jar.     (See  Fig.  25.) 
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Fiff.  25. 


Does  nitrogen 
support  respira- 
tion ? 

How  was  tliis 
proved  ? 

I'oes  the  animal 
die  from  the  pois- 
onous effects  of 
the  gas  ? 

V/hiit  name  was 
improperly  ap- 
plied to  this  ele- 
ment ? 


How  much  nitro- 
gen do  we  con- 
stantly breathe  ? 


Exp.  57.  Drop  a  living  mouse  into  the 
jar  filled  with  N.  He  will  soon  die.  N 
does  not  support  respiration.  The  animal 
does  not  die,  however,  from  any  poisonous 
effects  of  the  gas,  hut  from  a  want  of  0. 
Hence  the  name  azote  (life  destroyer),  by 
which  this  element  was  formerly  called, 
was  improperly  applied.  "We  are  con- 
stantly breathing  about  four  times  as 
much  N  as  0,  without  witnessing  any 
poisonous  effects  from  it.  N  is  negative 
or  passive  in  its  effect  upon  the  animal 
economy.  All  animals  die  when  deprived 
of  0 ;  and  in  crowded  assemblies  and  un- 
ventilated  sleeping  apartments,  the   air 


PROTOXIDE    OF    NITROGEN.  63 

What  observation  gradually  tecomes  poor  in  0  from  the 

is  made  of  crowd-  .  .  i      •        t 

ed     assemblies  quantity  01  it   consumecl   m    breathing. 

and  unventilated  ,         ,  ,  ,       ^  ,       , 

sleeping    apart-  Air  should  iiot  06  breathed  a  second  time. 

ments  ? 

Should    air    be  "We  shall  hereafter  see  that  the  0,  when 

breathed   a    sec-  _  ' 

end  time?  exhaled,  has  entered  into  a  combination 

in  which  it  acts  as  a  deadly  poison  when 
brought  in  contact  with  the  lungs.    Hence 

What,  then,  do  we  WO  leam  that  N  is  a  colorless  gas  having 

learn  of  nitrogen?  r,     •  •>i 

negative  properties,  it  is  neither  com- 
bustible, a  supporter  of  combustion,  nor  a 
supporter  of  animal  life.  It  constitutes 
about  four  fifths  of  the  bulk  of  the  atmo- 
sphere. 


LESSON  XV. 

whatistheequiv-  Pfofoxide  of  NUro^en,  or  Exhilarat- 
of nitrogen?  ins;  Gtts.     Equivalent  22.      Symbol 

Its  symbol?  ^ 

Exp.  58.  Introduce  two  ounces  of  Nff, 

NO^  (nitrate  of  ammonia)  into  a  pint  glass 

How  is  it  obtain-  Tctort,  arranged  as  in  the  formation  of  0, 

ed? 

page  42,  Fig.  15.     Apply  heat  by  means 

of  the  spirit-lamp  and  sand-bath.     First 

What  first  takes  the  Salt  will  melt,  ebullition  will  follow, 

place    with    the  i        i  i  •  rt^    •         ^ 

salt?  and  when  the  temperature  is  suihciently 

What  follows  ?  .  ^  .  *' 

high,    a   rapid   decomposition    will   take 
ofwhatisthesait  placc.     The   Salt  is   composed  of  nitric 

composed?  .  * 

acid  and  ammonia. 
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Nitric  acid^iNO^     Ammonia  =  NH^ 


NQs 


Explain  the  de- 
composition by 
means  of  tlie  dia- 
gram, Fig.  26. 


Three  atoms  of  0  from  the  NO^  united 
with  the  three  atoms  of  H  of  the  Nff, 
and  formed  3H0  (water),  while  the  two 
atoms  of  N  united  with  the  two  remain- 
ing atoms  of  0,  and  formed  2N0  (protox- 
ide of  nitrogen). 
If  a  lighted  candle       Exj:)-  59.  Repeat  Exp.  28  in  NO  in- 
protoxide  of  ni-  stcad  of  0.     The  caudlc  will  he  relighted, 
flame '  be    in-  hut  will  not  hum  SO  hrilliautly  as  in  0. 
Does  NO  support  NO    supports    combustion    more   vividly 

combustion  more     . 

vividly  than  air?   than  aU*. 

Exp.  60.  Place  a  mouse  in  ajar  of  NO. 
Does  it  support  He  will  exhibit  signs  of  pleasure.     NO 

animal  life  ?  n   t  f 

Explain  Exp.  60.    supports  animal  life. 

Exp.  61.  Fill  a  gas-bag,  containing  at 
least  one  gallon,  and  furnished  with  a 
mouth-piece  and  stop-cock,  with  NO,  by 
Explain  the  man-  meaus  of  the  bcll  glass  and  pneumatic 
NO.  trough.*    (See  Fig.  19,  page  49.)    Permit 

some  student  of  an  active  temperament  to 
inhale  the  gas,  which  should  be  done  in 

*  The  gas  should  be  allowed  to  stand  over  water  at 
least  two  hours  before  it  is  used,  in  order  to  absorb  its 
impurities. 
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the  following  manner :  The  student  should 
exhaust  his  lungs  of  all  air,  hold  his  nose, 
and  fill  his  lungs  from  the  gas-bag.  The 
gas  should  he  breathed  out  and  in  four  or 
five  times,  in  order  to  obtain  its  happiest 

What  effects   are   cfFects.       A  gloW  of  excitemeut  will  over- 
produced     upon 

the  system?  Spread  the  whole  system.  Some  laugh 
immoderately,  others  play  the  orator, 
while  others  pass  through  with  some  de- 
votional exercise.  A  few  subjects  have 
been  found,  who,  when  under  the  influ- 
ence of  NO,  exhibited  pugilistic  propen- 
sities, particularly  when  the  gas  was  im- 
pure, or  when  the  subject's  mind  had  been 
previously  excited.     The  opinion,  howev- 

Does  the  gas  ai-  er,  that  the  gas  invariably  develops  the 

ways  develop  the  .  .         .         , 

leading  traits  of  leading  traits  in  the  character  of  the  per- 

character   of  the  ^     _  ... 

person  who  in-  gon  who  iiihalcs  it  is  incorrect,  as  the  sub- 

hales  It  ?  ' 

Does  the  subject  ject  ucvcr   entirely  loses   consciousness 

entirely  lose  con-        .  ,  i  • ,        •     n  c^  • 

sciousness?        whcn  properly  under  its  innuence.     Dir 
Give  the  expert-  Humphrey  Davy  breathed  it  for  five  min- 

ment   of  Sir   H.  ^  -, 

Davy.  utes  from  a  gas-bag  containing  nine  gal- 

lons without  losing  his  consciousness.   All 
What  class  of  per-  persous,  cxccpt  those  who  constantly  stim- 

sons  are  not  af-  .  ,  .  .    . 

fected  by  breath-  ulatc  With  opium  or  spirituous  liquors,  are 
powerfully  excited  by  breathing  NO  for 
the  space  of  about  thirty  seconds.  Per- 
sons of  plethoric  habit  should  not  inhale 

Why  should  not    ,,  .  .  .  ,       . 

persons  of  pie-  the  gas,  as  it  cxcitcs  an  increased  circu- 
haie  this  gas  ?      latiou  of  the  blood.     NO  (protoxide  of  ni- 
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trogen),  as  we  have  seen,  is  a  colorless 

gas.     It  has  a  sweet  taste,  supports  com- 

what  properties  bustion  and  aiiimal  life,  but  will  not  burn 

developed  by  the  itself.      When   animals  breathe  it,  •  they 

foregoing  experi-    ..         j,      ,         ,^  ,  ,  . ,  . 

ments?  live  laster  than  when  breathing  common 

air,  as  they  obtain  more  of  the  life  princi- 
ple, 0. 


How  is  this  com- 
pound obtained  ? 


^int  and  tS  Bifioxide  of  Nitfogen,  or  Nitric  Oxide. 
omnoxideofni-  Equivalent  SO.     Symbol  N0\ 

Exp.  62.  Place  some  copper  slips,  or  a 
cent,  in  a  bottle  containing  four  or  five 
ounces,  to  which  has  been  adapted  a  cork 
and  bent  tube.  Pour  in  an  ounce  of  NO^, 
HO  (nitric  acid)  and  one  fourth  the  quan- 
tity of  HO  (water).  NO"  will  be  set  free 
w^ith  effervescence,  which  may  be  collect- 
ed in  a  small  glass  jar  over  water.  Slide 
the  jar,  when  filled,  upon  a  plate  filled  with 
water,  and  transfer  to  the  table  for  use. 

Fig.  27. 


Explain  Fig.  27 


One  equivalent  of  the  NO^  (nitric  acid)  is 
decomposed.  An  atom  of  Cu  unites  with 
three  atoms  of  its  0,  forming  CuO^  (ter- 
oxide  of  coppev\  Avhile  one  atom  of  NO- 
(binoxide  of  nitrogen)  is  set  free.     An  un- 
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decomposed  atom  of  NO^  now  combines 
with  the  CuO^  thus  formed,  and  the  ac- 
tion is  repeated  until  some  of  the  materi- 
als are  exhausted. 

Exp.  63.    Grradually  admit  some  air 
into  a  jar  of  NO".     Dense  reddish  fumes 

Explain  Exp.  63.  wiU  sooii  fill  tlio  jar.  The  NO^  has  elect- 
ed two  more  atoms  of  0  from  the  admit- 
ted air,  and  formed  NO*  (nitrous  acid). 
NO^  (hyponitrous  acid),  at  common  tem- 

What  is  the  color  pcratures,  is  a  bright  green  volatile  liquid, 

of     hyponitrous  .  .  t     i       i 

acid?  but  its  properties  are  little  known.     All 

Are  its  properties  ^  ^ 

well  known  ?       tlic  clicmical  compouuds  of  0  and  N  (with 

What  compounds  ^  ^ 

of  o  and  N  are  the  cxceptiou  of  NO)  are  deadly  poisons 

deadly      poisons  i  '  J    i. 

when  breathed?   when  breathed. 


LESSON  XVI. 

ToY'aLV^e  ui^-  Nii'^if^  -^cid.     Equivalent  63.      Symbol 
aid^^"^"^^'^  NO',  HO. 

The   symbol  of  this   compound,  if  it 

could  be  obtained  in  the  dry  state,  would 

What  would  its  be  NO^,  and  its  equivalent  would  be  54. 

symbol   be    if  it  .         ^  .  i        •        i     •  n 

could  be  obtained  it  has   ucvcr  yct  bceii  obtained  in  this 

in  the  dry  state  ?  •     •  i     i  i      .       i 

state,  but  it  is  probable  it  thus  exists,  and 
will  hereafter  be  thus  obtained.  Dry  or 
anhydrous  nitrate  of  potassa  or  ammonia 
is  composed  of  N0^  KO,  or  NO^NH^. 
But  the  NO^  has  not  yet  been  separated 
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How  Is  nitric  acid 
obtained  1 


Describe  the   ap- 
paratus. 


What  is  a  safety- 
tube  ? 


When  heat  is  ap- 
plied, what  is  de- 
composed ! 


Give  the  formula 
of  the  substances 
used  before  they 
are  applied. 

Give  it  afterward. 


Draw  and  explain 
the  diagram. 


from  either  of  these  hases  without  the 
presence  of  water,  one  equivalent  of  which 
it  always  takes  with  it,  when  its  formula 
is  N0^  HO. 

Exp.  64.  Introduce  into  a  half-pint  tu- 
bulated glass  retort  one  ounce  of  NO^,  KO 
(nitrate  of  potassa  or  saltpetre),  and  two 
ounces  of  SO^HO  (sulphuric  acid).  The 
heak  of  the  retort  should  be  adapted  to  a 
half-pint  receiver  by  means  of  a  perforated 
cork.  The  upper  mouth  of  the  receiver 
should  be  closed  by  a  cork,  through  which 
a  small  glass  tube  should  pass  quite  to 
the  bottom.  This  tube  is  called  a  safety 
tube.  Surround  the  receiver  with  cold 
water,  and  apply  a  gentle  heat  to  the  re- 
tort by  means  of  the  sand-bath  and  spirit- 
lamp.  Decomposition  of  the  KO,  NO^ 
(nitrate  of  potassa)  will  take  place.  KO, 
N05  ;  2S03HO  are  resolved  into  2S0^ 
The  stronger,  SO^ 


KO;  NO^HO;  HO 


Tig.  28. 


KO,  NQs 


N05,  HO 


KO,  2S03;  HO 


As  the  N05  is  set  clccts  the  KO,  and  the  NO^  is  set  free,  to- 
free,  what  body  .  tt/^  /        j.     \ 

does  it  take  with  gethcr  With  ail  equivalent  ot  HO  (water). 

One  equivalent  or  atom  of  HO  remains 

the^retonr"^  "*  with  the  KO,  2S0^  in  the  retort,  though 
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it  is  not  chemically  united.  NO^,  HO 
(nitric  acid)  must  be  kept  in  ground-stop- 
per bottles. 

Exp.  65.  Add  to  half  an  ounce  of  wa- 

Expiain  Exp.  65.    ter  three  drops  of  NO^,  HO,  into  which 

What   effect   do  solutiou  dip  a  picce  of  litmus  paper.*     It 

ids  always  pro-  will  bc  chaiigcd  from  bine  to  red.     Well- 

duce  upon  litmus  i       i         •  i         i 

paper?  marked  acids  always  produce  this  result. 

Exp.  Q)Q.  Place  a  few  leaden  shot  in  a 

If  nitric  acid  be  wiiic-glass,  aiid  covcr  tlicm  witli  water. 

brought  in   con-     .    ,  ,  ,  „     rr\r.Trr\    /     • 

tact  with  lead,  Add  twicc  the  quantitv  of  NO  HO  (nitric 

what  follows  1  -1  J  \ 

Is  the  lead  (Pb)  acid).     A  redflisli  fume  of  a  suffocating 

dissolved '.  '  _  ° 

odor  will  be  disengaged,  which  is  NO* 
How  much  o  from  (nitrous  acid).     One  atom  of  0  from  the 

the      acid      first    -|.,^,    -  .       ,         •   i       i        -ni      /i        i\  i 

combines    with  NO^  has  uuitcd  With  the  1:^0  (lead),  and 

the  lead  ?  \ 

What  is  the  com-  formcd  PbO  (nrotoxidc  of  lead).     An  un- 

pound  called?  ^'  . 

With  what  does  dccomposed  equivalent  of  NO^  United  With 

an         undecom-  •ii  <•  i  itii- 

posed  equivalent  the  oxidc  thus  formcd  and  dissolved  it, 

of  nitric  acid  now 

'"lite?  forming  PbO,  NO^  (nitrate  of  protoxide 

of  lead).  This  latter  compound  is  not  sol- 
uble in  the  acid,,  but  is  soluble  in  water. 


Fiff.  29. 


Explain  the  fignre. 


2N05IIO  PbO,  INU-"  ;  2II0 


Hence,  if  no  water  were  present,  it  would 
*  For  the  preparation  of  litmus  paper,  see  p.  136. 
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Why  was  water  remain  as  a  solid  incrustation  upon  the 

added?  ^ 

surface  of  the  metal,  and  thus  put  an  end 
to  the  action.  See  formation  of  H  (hy- 
drogen), page  32. 

Exp.  67.  Pulverize  some  charcoal,  and 

dry  it  thoroughly.     Place  a  spoonful  of 

If  nitric  acid  be  it  in  a  wiuc-glass.     Tic  a  small  test-tube 

dropped        upon  i      •        p      ,    i  i  •     .       -x 

pulverized  char-  to  a  rod  SIX  icet  loug,  and  pour  into  it  a 

coal,  what   phe-  }■ 

nomenon  is  pre-  draclim  or  two  of  sti'ong  NO  ,  HO  (nitric 

sented?  °  '  ^ 

Why  should  the  acid).     Stand  at  a  distance,  and  drop  the 

experimenter  i  »  i  • 

stand  at  a  dis-  acid  UDoii  the  charcoal.     A  combustion 

tance  when         . 

bringing  the  two  will  follow,  witli  the  disengasfemeut  of 

bodies    in    con-  °    ° 

tact?  dense  poisonous  fumes,  which  are  chiefly 

NO*  and  CO  (nitrous  acid  and  carbonic 
oxide). 

What  results  from       Exp.  68.  Instcadofthc  charcoal,  use  a 

the  action  of  ni-    c  ^  <•       •    •  c 

trie  acid  on  spir-  lew  drops  of  spirits  01  turpeiitinc.    Anoth- 

its  of  turpentine  ?  ^  *■  .  -n       i 

er  spontaneous  combustion  will  take  place. 
Exp.  69.  To  a  saturated  solution  of 

KO,  CO^  (carbonate  of  potassa)  add 
Explain  Exp.  69.    NO^,  HO  (ultric  acid)  until  effervescence. 

ceases.  Place  the  solution  in  the  sun,  or 
What  is  the  for-  soiiic  Warm  place,  until  prismatic  crystals 

mula  for  the  salt  -ir r\     -t<T r\R    /     • 

formed,  and  by  appear.     They  are  KO,  NO    (nitrate  of 

what  names  is  it      -^  -^  ,  * 

sometimes  cau-  potassa,  uitrc.  Saltpetre). 


N05,  no  009 


KO,  COS  KO,  N05  ;  HO 
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Exp.  70.  In  a  AVedgwood  mortar  place 

What  are  the  ma-  six  pai'ts  by  Weight  of  KO,  NO^  (nitrate 

terials    used   for  x      r  o    /       1    1        \  j 

forming gunpow-  of  potassa),  oiic  part  01  b  (sulpliur),  and 
one  of  C  (carbon,  charcoal) :  pulverize  the 
whole  thoroughly  for  ten  minutes.  Now 
add  water  sufficient  to  form  a  paste,  and 
mix  thoroughly.     Perforate  a  piece  of  tin 

Describe  the  pro-  or  lead,  and  prcss  the  paste  through.  Al- 
low the  threads  to  fall  upon  some  paper, 
and  when  partly  dry,  rub  the  mass  gently 
with  the  fingers,  and  small  grains  will  be 
formed,  which  are  gunpowder. 

Exp.  71.  Place  some  gunpowder  upon 
a  capsule,  and  ignite  it  by  means  of  a  red- 

when  powder  is  hot  wirc  or  glowiug  coal.     Tlic  solid  pow- 

what  is  the  solid  der  is  couvertcd  into  gases,  with  the  ex- 
tody  converted? 

ception  01  a  small  residue.      Ihe  gases  are 

What  names  are  CO"  (carbonic  acid),   and  N  (nitrogen), 

applied  to  these       ■,  .    ■, 

gases?  which  now  occupy  a  much  greater  space 

Give    their    sym-  ^  -^ 

bois  and  equiva-  than  whcn  in  the  solid  form.     Hence  the 

lents. 

What  causes  the  explosiou.     Foriiiula  : 

explosion  ?  ^ 

Give  the  formula      3C  ;  S  j  KO,  NO^  =  KS;  300^ ;  N. 


before  and  after 
the  explosion. 


Draw  and  explain 
the  figure. 


3002 


KO,  N05 
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The-  equivalent 
and  symbol  of 
ammonia  ? 


Describe  the  ex- 
periment for  ob- 
taining ammo- 
nia. 


How  much  of  the 
gas  will  be  ab- 
sorbed by  cold 
■water  ? 

Wliat  is  the  solu- 
tion called  ? 


Give  the  formula 
before  and  after 
the  decomposi- 
tion. 

Is  ammonia  an 
acid? 


Is  it  an  alkali  ? 
Ilovsr  was  this  as- 
eertained  ? 


LESSON  XVII. 
Ammonia.     Equivalent  17.     Symbol 

Exp.  72.  Perforate  a  cork  with  a  round 
file,  and  insert  a  small  glass  tube  bent 
twice  at  right  angles.  Fit  the  cork  to  a 
large  test-tube,  into  which  introduce  one 
drachm  of  Nff,  HCl  (sal  ammoniac),  to- 
gether with  an  equal  quantity  of  CaO, 
HO  (slaked  lime).  Pass  the  conducting 
tube  to  the  bottom  of  a  small  phial  con- 
taining half  a  drachm  of  HO  (water). 
Apply  heat  to  the  test-tube,  and  NH^  will 
be  set  free.  The  water  in  the  phial,  if 
kept  cold,  will  absorb  near  seven  hundred 
times  its  own  bulk  of  the  gas.  The  so- 
lution is  called  Aqua  Ammonia,  and  its 
common  name  is  Spirits  of  Hartshorn. 
Formula :  Nff,  HCl ;  CaO,  HO  =  CaCl  ; 
2H0  ;  NH^  set  free  in  its  gaseous  form. 

Exp.  73.  Drop  some  liquid  [aqua)  am- 
monia upon  red  test-paper.*  It  will  be 
changed  to  blue.  All  alkalies  produce 
this    effect;    hence    Nff   is    an    alkali. 

*  For  making  red  test-paper,  see  p.  136. 
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How  are  harts-  Equal  pai'ts  of  slakcd  lime  and  sal  ammo- 

horn  bottles  coin-  .         ,   .         , 

inonly  prepared  ?  niao  form  the  compound  contamed  in  the 
hartsliorn  bottles  of  the  shops. 

aient  of  carbon?      CarboTi.     Equivalent  6.      Symbol  C. 

Its  symbol  ? 

Exp.  74.  Fold  a  piece  of  filtering-pa- 
per so  as  to  fit  it  into  a  funnel.    Fill  it  two 
thirds  full  of  finely-pulverized  C   (char- 
coal).     Discolor   some   Avater  with   ink, 
How  rfoea  char-  and  filter  it  through  the  C.     It  will  be 

coal    aflect  vari-  ■•  iii  nt    i    ^  i\i  i 

ous  coloring  mat-  rendered  colorless.     O  (charcoal)  absorbs 
Why  do  sugar  re-  various  Coloring  matters,  which  property 

finers  use  it .'  ^    i   ,  r 

renders  it  useful  to  sugar  renners. 

Exp.  75.  Pour  half  a  hushel  of  char- 
if    charcoal    be  coal  iiito  a  cistem  containing  nauseous 

poured  into  a  cis-  .       . 

tern  of  nauseous  water.     Withiii  two   or   three   days   the 

water,  what  •' 

takes  place?        Water  wiU  be  deprived  of  its  disagreeable 

odor.     The  charcoal  has  absorbed  the  un- 

To   what   other  plcasaut  gases.     A  cellar  containing  de- 
purpose        has  . 
charcoal  been  ap-  cayiug  Vegetable  matter  may  be  rendered 

Is  charcoal  one  of  pleasaut  by  the  presence  of  charcoal.     C 

the  forms  of  car-     ,         ,         >         ,  ii-        i     c 

i)on  ?  (carbon),  when  crystallized,  forms  the  ata- 

When    carbon   is    ^ 

crystallized,        motid.     Cliarcoal  is  nearly  pure  C  in  a 

what  is  it  called?  _  •'     '■ 

What  of  soot  and  statc  of  minutc  division.     Soot,  or  lamp- 
coke  ?  '■ 
Black-lead       or  black,  and  cokc,  are  also  nearly  pure  C. 

plumbago?  . 

Plumbago,  or  black  lead,  is  another  form 

of  C,  containing  a  slight  quantity  of  iron. 

For  what  is  this  and  is  extensively  used  for  reducing  fric- 

substance  exten-      .  .  .  .  " 

siTeiyused?        tioii  ill  machinery,  and  in  the  manufac- 
ture of  drawing  pencils.     Crucibles  are 
D 
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Why  are  crucibles  sometimes  made  of  plumbago  on  account 

made  of  plumba-  r       ■   ^ 

go  1  of  its  property  of  withstanding  an  intense 

When  exposed  to  heat.     Charcoal  will  not  decay  when  ex- 

air  or  water,  will  .  i  •    i 

charcoal  decay  ?    poscd  to  air  or  Water.    Heiice  posts  which 

have  been  charred  never  decay.     It  is 

What  is  said  of  Said  that  the  stakes*  driven  into  the  bed 

the  stakes  driven 

into  the  bed  of  of  tlic  Kivcr  Thamcs  by  the  Britons  in 

the    Thames   by  "^ 

the  ancient  Brit-  the  year  55  B.C.,  to  prevent  its  passage 

by  Julius  Caesar,  when  discovered  a  few 

years  since,  were  in  a  perfect  state  o^res- 

How  may  meat  be  ervatioii  from  having  been  charred.    Meat 

in  warm  weath-  packcd  in  charcoal  dust  maybe  preserved 
fresh  for  several  weeks  in  warm  weather. 


or  J 


^lim  ?f%£!e       Carbonic   Oxide.     Eqmvalent  14. 

it^s^^l^bon  Sm^ol  CO. 

This  compound  is  always  formed  when 
wood  is  burned  with  an  incomplete  sup- 
ply of  air.     Wlien  charcoal  has  burned  for 

How  is  thi»  gas  somc  time  in  air,  and  ashes  have  accumu- 
lated upon  the  surface  so  as  to  prevent  a 
complete  supply  of  0,  CO  (carbonic  oxide) 
is  invariably  formed.  The  same  result 
takes  place  when  the  damper  of  a  stove  is 

Does  CO  possess  closed.     CO  is  a  gas  which  possesses  very 

poisonous    prop-         .  .  i        i  i  i_i      i 

erties?  poisonous  properties,  and  when  breathed 

^pr''oduced'^on°'the  much  dilutcd  with  air,  produces  drowsi- 

tlia^^  gas^  Is  ness,  giddiness,  and  sometimes  fainting, 

breathed     much    rm  i  i  •  •  i         i 

diluted witii  air?  The  slccpy  sensation  experienced  when 

*  Grey. 
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How     is     the  sitting  by  a  warm  stove  in  winter,  is  us- 
tion     produced  uallv  pvoduced  bv  breathing  small  por- 

when  sitting  by  -^     ^  .  •'  .  „ 

a  hot  stove  in  tions   of  CO   mixed   With  air.      Kooms 

winter  ? 

Should      rooms  ghould  never  be  heated  by  a  chafing-dish 

ever    be    heated  J  " 

dlshorcharcoaf?  ^^  charcoal,  as  two  }3oisonous  gases  are 
™  *J°  P°f,^;  formed  by  this  combustion.     First,  before 
Mai  burns  in  af/?  the  accumuktion  of  ashes,  CO^  (carbonic 
Which nrst?         ^^.^^  .g  f^j^j^gd,  after  which  CO  (carbonic 
oxide).     Many  valuable  lives  have  been 
sacrificed  upon  the  altar  of  ignorance  con- 
nected with  these  two  noxious  compounds. 
When     persons  Pei'sous,   wheii    attempting   to   lodge   in 

lodge   in    rooms  .  ^     r     ^ 

heated  by  burn-  rooms  Wanned  by  burning  charcoal,  leel 

ing        charcoal, 

what  is  the  first  ail  indescribable  inclination  to  sleep,  into 

sensation      pro-  _  ^' 

duced?  which  state  they  soon  pass;  and  if  not 

If  fresh  air  is  not  Speedily  relieved  by  the  admission  of  fresh 

admitted,    what      .       ,       ., 

ensues?  air,  death  ensues. 


LESSON  XVIII. 
^lint  o^fM?binic  Carbonic  Acid.    Equivalent  ^2.     Sym- 

acidi  7,^/   n  r{2 

Also  its  symbol  ?  ^'-"'    ^  ^  • 

Exp.  76.  Introduce  an  ounce  of  NaO, 
2C0^  (bicarbonate  of  soda)  into  the  hy- 
drogen generator,  and  add  two  ounces  of 
How  is  this  com-  watcr.  Pour  through  the  funnel-tube  a 
small  portion  of  SO^,  HO  (sulphuric  acid). 
CO^  will  be  set  free  with  effervescence, 
and  may  be  collected  as  in  Exp.  16,  page 
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Give  the  formula  82.     NaO,  2C0- ;  SO^  HO  =  NaO,  S03; 

before  and  after 

the    decomposi-  HO  i  2C0^  Set  free.     The  stronger,  SO^, 

tion.  o     '  7 

elects  the  NaO,  and  drives  off  the  CO^  in 
its  gaseous  form. 


Draw  and  explain 
the  diagram. 


Fig.  32. 
NaO. 2C02  2002 


SU^  HO  NaO,  S03  ;  HO 


Exp.  77.  Place  a  jar  of  CO-  (carbonic 
acid)  upon  the  table,  with  its  mouth  up- 
ward, and  lower  into  it  a  lighted  candle. 
Will  carbonic  acid  The   flame   wiU  be   extinguished.     CO- 

support  combus-  . 

tion?  will  not  support  combustion,  nor  will  it 

WiU  it  bum  itself?    bum  itsclf. 

Explain  Exp.  78.        Exp.  78.  Pour  the  CO^  from  the  jar 
upon  a  lighted  candle.     The  combustion 
^show?  "^"^^    "  '^ill  cease.     CO^  is  heavier  than  air. 

Exp.  79.  Drop  a  living  mouse  into  a 

jar  of  CO-.     Life  will  apparently  cease. 

Does      carbonic  Removc  him  quickly,  and  place  him  in  a 

maiiife?  jar  of  0.     His  life  will  bc  rcstorcd.     CO^ 

Does  oxygen '  ,         .  .    , 

What  experiment  (carbonic  acid)  dcstrovs  animal  life,  and 

proYcs  this  1  ^  .        . 

0  (oxygen)  sustains  it. 

Exp.  80.  Place  a  spoonful  of  lime  in  a 
pint  of  rain  water,  and  allow  it  to  stand 
for  twenty-four  hours,  during  wliich  time 
agitate  the  liquid  several  times.  Pour 
off  the  clean  solution  carefully  into  a 
ground-stopper  bottle,  and  keep  it  for  fu- 
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How  would  you  turc  use.     Breathe  into  a  wine-slass  con- 
show   that   car-        ...  , 

bonic  acid  is  pro-  tainins;  lime-water,  by  means  of  a  elass 

duced  by  respira-  "  . 

^i""!-  tube,  for   some  time.     It  will  gradually 

assume  a  milky  appearance.  Insoluble 
CaO,  CO^  (carbonate  of  lime)  is  formed, 
which  shows  that  CO"  (carbonic  acid)  is 
produced  by  breathing — respiration. 

To^i^'Vf^  carbu^r^"    Carburettecl  Hydrogen.     Equivalent 
^fS^  28.     Symbol  C^H\ 

Exp.  81.  Adapt  a  pipe-stem  to  a  cork 

which  fits  a  large  test-tube.     Place  half 

How  may  this  gas  an  ouncB  or  Icss  of  mineral  coal  in  the 

be  easily  obtain-  . 

ed?  test-tube,  press  ni  the    cork,  and    apply 

heat.  C^H*  or  CH  (carburetted  hydro- 
gen) will  soon  be  forced  through  the  pipe- 

what  is  the  color  stem.     Ignite  it.     It  burns  with  a  white 

of  its  tlame  ?  , .    ,  nii  •      •  •  •        i 

Is  it  city  gas?  light.  Ihis  IS  commou  city  gas,  mixed 
with  impurities. 

Exp.  82.  Introduce  one  and  a  half  flu- 
id ounces  of  alcokol,  and  three  of  strong 
SO^,  HO  (sulphuric  acid)  into  a  pint  re- 

Expiain  Exp.  82.  tort,  and  apply  a  gentle  heat.  At  first 
the  solution  assumes  a  black  appearance, 
but  when  the  temperature  is  sufficiently 
high,  a  rapid  decomposition  follows,  with 

Tn'Sgfdl ''  ^'^'  the  disengagement  of  C^H*  (carburetted 

Of  what  is  alcohol   it  \  *iii-  in 

composed?  hydrogeii).  Alcohol  is  composed  oi 
Gwe The'' formula  C*II^O^.  Sulpliuric  acid  of  SO^,  HO. 
dicompolftion''  SSO^HO ;   C^ffO^  =  2S0^  HO ;  2H0 ; 
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How  may  the  gaa  C*H^.      TliG  ffas  mav  bc  Collected  over 

be  collected  ?  .  , 

water,    whicli   absorbs    only    about    one 
eighth  of  its  own  volume  of  it. 

Exp.  83.  Fill  a  bell  glass  with  C*H* 

(carburetted  hydi'ogen),  and  transfer  to 

the   gas-bag.      Attach  the  jet,  and  by 

means  of  a  weight,  force   out  the  gas. 

Of  what  color  is  wliicli  may  be  ignited.     It  burns  with  a 

duced  by  burn-  bcautiful  wliitc  light.     It  is  the  same  gas 

ing     carburetted  , 

hydrogen !  that  was  formed  by  Exp.  81,  but  contains 

less  impurities,  from  having  been  passed 

What  is  the  result  through  Water.     The  result  of  the  com- 

tion?  bustion  of  C*H*  in  air  is  CO^  (carbonic 

acid)  and  HO  (water).     C^H*  has  been 

Why   was   this  Called  olefiaut  gas,  because  when  mixed 

compound  called        •  -t     ■  »  •    '  c-  m-i        ■\  -i      •       \      -i 

oienantgas?  With  its  owu  voiftme  of  CI  (clilorine)  the 
two  gases  disappear,  and  an  oily  liquid  is 
formed. 

Fig.  33. 


The  diagram,  Fig. 
33. 


What  is  the  equiv- 

aient  of  light  car-  Li^lit  Carburetted  Hiidrosren.     Equiv- 

buretted     hydro-  °                                                -J          o                     i 

gen?  alentQ.     Siimbol  CH-. 

Its  symbol  ?  ^ 

When  is  this  gas  rm  •               •                     j.    j              j.                 i       • 

generated  spon-  ihis  gas  IS  generated  spontaneously  m 

When       mixed  many  coal-bcds,  and  when  mixed  with 

with  air,  what  is  ....                            ,              .,._,.         . 

it  called?  air  it   IS   commonly   called  Jbire-aampy 
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Whywas  it  a  ter-  wliioli  was  a  terror  to  the  miners,  on  ac- 

ror  to  the  min- 
ers !  count  of  its  explosive  properties,  until  Sir 

Who   has   done  Humphrey    Davy    invented    the    safety- 
much  to  obviate  ,.,..,  .,  , 

the  danger  1        lamp,  wliich  IS  suiiplv  an  Oil-lamp  sur- 

What  is  the  con-  '■  ^    "^  ,  ^ 

struction  of  Sir  rounded  by  whe-ofauze,  which  prevents 

H.  Davy's   safe-  ^  o  '  i 

ty-iamp.  -j-i^g  flamc    from    contact  with   the   gas. 

When   vegetable  CH"  and  a  Small  quantity  of  CO"  are  al- 

matter       decavs 

under      v?ater,  w^ays  formed  wlicu  Vegetable  matter  de- 

■what   gases    are  "^ 

formed.'  cays  Under  water. 

If  the  muddy  bot-       Exp.  84.  Disturb  tlic  muddy  bottom 

torn  of  a  sliallow       n  t      ^^  i    •  t-)     t  t  i 

pond  be  disturb-  of  a  shaliow  poud  m  summcr.     isubbles 

ed,    what    body  _  ^  , 

will  arise  to  the  of  gas  will  ariso  to  the   surface,  which 

surface     of    the  '-' 

water?  may  be  collected  in  iars,  or  ignited  upon 

Are  these  bubbles  -'  j         '  o  l 

combustible?       ^j^g  surfaco  of  the  water,  wdien  they  will 
When  they  burn,  bum  with  a  ycllow  light.     Tlic  result  of 

what   is  the  re-  .         .      ^^o  i         •  •  i\ 

suit  of  the  com-  the  combustion  is  (jO^  (carbonic  acid)  and 

bustion  ?  ^  ' 

HO  (w^ater).     CH" ;   0*  from  the  air  = 
CO-:  2H0. 


Give  the  equiva-    Ci/anoi^en.     Equivalent  26.     Symbol 

lent  and  symbol 

of  cyanogen.  C"iV  Or   L>y. 

Is  it  an  element  or  Tllis    COmpOUlld   of  C    aild    N  playS   thc 

a  compound  ? 

Does  it  play  the  part  of  an  element,  and  its  most  conven- 

part    of  an    ele-   '■ 

men':    ^  Icut  symbol  is  Cy.     As  a  general  rule, 

vV  hat  IS  the  most  j  ./  n  ' 

convenient  sym-  elements  Only  uiiitc  \vith  elements,  and 

Dol  of  cyanogen  \  .  J  ' 

^erafrute'''^*  ^'^"'  compound  bodics  witli  compounds.  Cy 
^OTmd^evlr  unue  ^^  ^^^  cxccption  to  tliis,  as  it  combincs 
sfn^^ekmentsl  witli  Several  of  the  elements  separately. 
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Tiemrfhydrocy-     Hyclrocijanic   Acid    {Prussic   Acid). 
lu symbol?  Equivalent  27.      Symbol  CyH. 

With  what  does       The    compound   body    Cv   (cvanoffen) 

the        compound  .  ■^        ^  ■  i       i       i         tt  ^       ' 

body    cyanogen  unites  With  the  Simple   Dodv  H  (hvdro- 

unite?  ^  •'  ^    "^ 

What  is  said  of  geii),  and  forms  the  most  vigorous  of  all 

the       compound  . 

thus  formed?       the  poisoiis,  0116  diop  01  the  liquid  upon 
iiow  may  a  small  the  tougue   of  a  dog  heing  sufficient  to 

animal     be     de-  i  i         i      •  c  t  mi  • 

stroyed  with  this  producc  death  lu  a  few  seconds.      This 

poison? 

What  caution  is  and  the  preceding  compound  should  he 

mentioned  ? 

experimented  with  only  by  experienced 
chemists. 


LESSON  XIX. 

aient of 8^^)1111^?  Sulphw.     Equivalent  16.     Symbol  S. 

Its  symbol  ? 

Exp.  85.  Fill  a  test-tube  half  full  of 
flowers  of  S  (sulphur).  Heat  it  until  it 
melts.  It  is  now  liquid.  Pour  one  half 
of  it  into  cold  water.     It  is  now  solid. 

Give  Exp.  85  in  Hcat  the  remainder  still  more  strongly, 
and  it  will  be  converted  into  vapor.  Con- 
duct this  vapor  into  a  cold  vessel,  and  it 
will  be  condensed  into   Floivers   of  S. 

In    how    many  Bodics  cxist  in  one  of  three  states,  the 

Htates  do  bodies    ■,•■-,,-,  -,■  -,  .-,  c>    X. 

exist?  liquid,  the  solid,  or  the  gaseous,      b,  by 

Wliat  are  thev?  ,   .  .  ^1 

What  lias  sulphur  this  experiment,  is  made  to  assume  all 

been  made  to  as-  '■ 

sume?  three. 

Exp.  86.  Place  an  ounce  and  a  half  of 
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iron  filings  and  an  ounce  of  flowers  of  S 
How   may    sui-  in  a  crucible,  which  should  be  supplied 

phuret  of  iron  be         .   ,  i  i        x     i  j.  i  mi 

formed  artificial-  With  a  cover,  and  heated  to  redness.      Ihe 

ly  ^ 

S  will  soon  unite  with  the  Fe  (iron),  form- 
is  this  compound  ing  FeS  (sulphurct  of  iron).     This  com- 

ever  found  free  in  t  ■      r  i   •  it 

nature?  pound  IS  found  lu  great  abundance  in  na- 

what  names  have  ture,  and  is  sometimes  called  iron  pyrites, 

been    applied   to  z-v,  j7tii  i  r  ^ 

it?  at  others /oors  ^old.     it  has,  when  lound 

What  metal  does  native,  a  lustre  very  much  resembling  this 

it  resemble  ? 

metal. 


Give  the  symbol     Sulphuretted   Hydroscen    (Hydrosul- 

of     sulphuretted  "l^         . 

hydrogen.  pliuric     Add).       hntiivaleiit     17. 

Its  equivalent.  ' 

Symbol  HS. 

Exp.  87.  Introduce  half  an  ounce  of 

FeS  (sulphuret  of  iron)  into  a  chemical 

How    may   this  flask  holding  half  a  pint,  to  which  has 

tained '  bceii  adapted  a  cork  and  bent  tube  ;  add 

half  an  ounce  of  HO  (water)  and  an  ounce 

of  SO^,  HO  (sulphuric  acid).   Apply  a  gen- 

what  is  its  odor?  tie  heat,  and  a  gas  having  the  odor  of  rot- 
is  it  a  gas,  liquid,  -11   1-       T  1        TJ.    •      TTC1 

or  solid?  ten  eggs  will  be  disengaged,     it  is  HiS 

(sulphuretted  hydrogen). 

Exp.  88.   Conduct  HS  as  it  is  set  free 

into  a  ground-stopper  bottle  containing 

two  ounces,  which  should  be  filled  half 

full  of  HO   (water).     The  tube   should 

scarcely  pass  beneath  the  surface.    When 

How  much  of  the  the  Water  has  absorbed   three  times  its 

Ibsorb^?    ^^  ^^  own  bulk  of  HS,  it  will  be  saturated ;  that 

D2 


82  FIRtST    PRINCIPLES    OF    CHEMISTRY. 

What  is  the  soiu-  is,  it  will  receivc  no  more.     The  solution 

tion  called  ? 

is  called  Sulphuretted  Hydrogen  Water. 
Exp.  89.  Place  a  bright  five  cent  piece, 
a  piece  of  lead,  and  a  piece  of  iron,  upon 
the  table.     Drop  a  single  drop  of  the  solu- 
tion of  sulphuretted  hydrogen  upon  each, 
luustrate  Exp.  89.  A  black  AgS  (sulphuret  of  silver)  will  bo 
formed  upon  the  coin,  a  black  PbS  (sul- 
phuret of  lead)  upon  the  lead,  but  the  iron 
will  remain  untarnished.     In  the  case  of 
Give  the  formulas  the  Ag  (silvcr),  HS  j  Ag  =  AgS;  H  set 
board.  free.     In  the  case  of  the  Pb  (lead),  HS ; 

Pb  =  PbS;  H  set  free.     Or,  by  diagram, 
thus : 

Fig.  34. 


Also      the     dia- 
grams. 


These  experiments  show  that  S  has  a 

stronger  affinity  for  silver  and  lead  than 

Has  sulphur  an  af-  for  iron.     It  lias  uiore  or  less  affinity  for 

finity   for  nearly  ^         n    .i  ■     i 

au  the  metals .'     nearly  all  the  metals. 

Exp.  90.  Treat  solutions  of  acetate  of 

E.\piain  Exp.  90.    lead  and  nitrate  of  silver  with  a  solution 

of  HS  (sulphuretted  hydrogen).     A  black 
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What  is  formed?   sulpliurct  of  tliG  metal  will  be  formed  in 
both  cases. 

Tient'and'symboi  HyposulphuTous  Add.     EquivaUvit  24. 
^LSf^'"'"-  Symbol  SO. 

Does  this  com-       This  compouncl  is  not  known  in  the 

pound  exist  in  a  ,  .  .  .  , 

separate  state  ?     separate  state,  but  its  existence  is  estab- 
withwhatisitai-  Ushcd.     It  is  alwajs   found  in   contact 

ways    found    in  t  •  z'    j  t      i  -ht    r\    /       i    \ 

contact?  With  a  sciiijiaole  base,  as  JNaO  (soda). 

""lel  and  Sol      Sulpliurotis  Add.     Equivahtit  32. 

of .^  sulphurous  Symbol   S0\ 

Exp.  91.  The  apparatus  for  obtaining 
N0^5  HO  (nitric  acid),  page  68,  will  be 
found  quite  convenient  for  this   experi- 
ment.    Place  in  the  retort  three  fourths 
What    materials  of  ai>  ouncc-  of  Cu  (copper  filings),  togeth- 

are  used  for  ob-  c(/-^^    ^Tr\ 

taining  this  com-  er  With  an  ouiice  of  bO^,  HO  (sulphuric 

pound  ? 

acid).  The  beak  of  the  retort  should  pass 
into  the  receiver  until  it  comes  in  contact 
with  the  safety-tube,  which  may  now  be 
removed,  and  water  poured  into  the  re- 
ceiver until  the  beak  of  the  retort  is  just 
covered.*  Insert  the  cork  and  tube,  and 
apply  a  gentle  heat  to  the  retort.  SO^ 
What  is  the  form  (sulpliurous  acid)  wiU  be  set  free  in  its 
acid?^  ^  """^^  gaseous  form,  and  will  be  absorbed  by  the 

*  Instead  of  the  glass  stopper,  it  is  safer  to  close 
the  retort  with  a  cork,  through  which  a  small  glass 
tube  is  made  to  pass  to  the  bottom. 
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How  much  of  the  water  in  the  receiver  until  it  has  received 

gas    will    water  i      n  r 

absorb  ?  nearly  nfty  times  its'  own  bulk  of  the  gas. 

As  soon  as  the  water  commences  to  rise 
in  the  safety-tube  the  receiver  should  be 
disconnected  from  the  retort,  and  the  heat 

What  effect  does  rcmovcd  also,  or  the  gas  will  be  set  free 

the     gas     have    .  ,  .    ,      .  .    ,  , 

upon  those  who  m  the  room,  which  invariably  produces 

breathe  it?  .  ,  -^     ^ 

violent  coughing.     The  Cu  (copper)  elects 

one  atom  of  0  from  the  SO^,  forming  CuO 

(protoxide  of  copper),  and  liberating  an 

Illustrate  the  de-  atom   of  SO^,   wlien    an   undecomposed 

composition.  f  c^r\r,         •  •  t      i  -ii 

atom  of  SO-^  unites  with  the  oxide  thus 
formed,  giving  the  compound  CuO,  SO^ 
(sulphate  of  protoxide  of  copper  —  blue 
vitriol).  Another  clean  metallic  surface 
is  now  presented  to  the  SO^,  and  the  ac- 
why  is  the  HO  tion  is  repeated.     Omitting  the  HO  of  the 

omitted  in  the  di-    ^^n/i-i-.  •        ii  --x 

agram?  SO"^  (wliich  IS  inert  in  the  decomposition), 

the  diagram  will  read  thus : 

Fig.  36. 

S  03  S02 


Draw  the  diagram 
and  explain  it. 


S03  CuO, S03 


The  solution  of  SO-  (sulphurous  acid) 
must  be  transferred  to  a  ground-stoppered 
bottle,  and  carefully  closed  till  wanted  for 
use. 

Exp.  92.  Pour  some  solution  of  SO- 
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What  effect  is  pro-  (sulphuvous  acid)  upon  a  peony  flower, 
table  colors  by  Its  coloi*  will  be  discharged.     SO^  destroys 

sulphurous  acid  ? 

vegetable  colors. 

Exp.  93.  Place  a  teaspoonful  of  S  (sul- 
phur) upon  a  capsule.     Ignite  the  S,  and 
Give  Exp.  93.       SO'  will  bc  formed.     Hold  over  the  flame 
any  beautifully  colored  flower,  slightly 
'  moistened  with  water.     It  will  soon  be 
bleached. 

Exp.  94.  Hold  a  lighted  shaving  over 
Will  sulphurous  burning  S.     The  flame  will  cease.     SO^ 

acid  support     -  ^  . 

combustion?        does  not  support  combustion. 

Exp.    95.    Hold   some    small   animal 

over  burning  S.     It  will  soon  die.     SO^ 
Will  it  support  docs  uot  support  animal  life  (respiration). 

Bleachers  of  straw  use  large  quantities 

of  SO^ 


LESSON  XX. 
Give  the  equiva-       SulphuTtc  Acid.    Equivalent  49. 

lent  and  symbol  i     i    ci  r^-^      tt  r\ 

of  sulphuric  acid.  hymool   oO\  HO. 

What  is  its  equiv-       The  equivalent  of  sulphuric  acid,  as 

alent  number  as,  .,-,  ,  .  -,      •        m  n 

given  by  otiier  dcscribed  DV  autliors  in  general,  is  40. 

authors  ?  „...,,. 

Has  S03  acid  But  it  IS  evidently  incorrect,  as  SO^  is 
without  acid  properties  until  it  is  com- 
bined with  an  equivalent  of  HO,  or,  at 

What  is  the  true   Icast,  Until  H  is  prCSCnt.       If  SO^  be  sul- 
phuric acid?        phuric  acid,  then  40  must  be  its  equiva- 
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Describe  the  ex- 
periment for  ob- 
taining S03. 


Ifteroxide  of  sul- 
phur were  adopt- 
ed for  SO 3,  what 
would  be  the  re- 
sult? 


IfS03  be  dropped 
into  water,  what 
takes  place  1 


When  S03  unites 
with  HO,  what 
compound  is 
formed  ? 


lent.  But  if  SO^,  HO  is  sulphuric  acid, 
49  is  its  equivalent  number.  The  stu- 
dent will  hear  in  mind,  however,  that  the 
latter  is  the  true  formula  of  the  acid. 

Exp.  96.  Place  some  anhydrous  F^O^, 
SO^  (sulphate  of  sesquioxide  of  iron)  in  a 
large  test-tube,  furnished  with  a  conduct- 
ing tube  and  cork  smeared  with  sweet 
oil.  Apply  a  strong  and  continuous  heat 
to  the  test-tube,  and  conduct  the  vapor 
set  free  into  a  cold  dry  receiver,  allowing 
the  first  portions  to  escape  into  the  air. 
The  cold  receiver  will  condense  the  vapor 
into  a  white  crystalline  "solid.  It  is  SO^, 
which  authors  call  sulphuric  acid.  Ter- 
oxide  of  sulphur,  if  adopted  generally, 
would  be  a  name  which  would  leave  no 
doubt  upon  the  mind  of  the  student  as  to 
the  proper  formula  of  the  compound. 

Exp.  97.  Take  some  SO^  (teroxide  of 
sulphur)  upon  a  glass  rod,  and  drop  it 
into  some  water.  It  will  combine  vigor- 
ously with  an  atom  of  the  water,  causing 
a  hissing  sound.  SO^  united  to  HO,  atom 
to  atom,  forms  the  common  oil  of  vitriol, 
or  sulphuric  acid  of  commerce. 

Exp.  98.  Fill  the  cup  of  a  copper  def- 
lagrating spoon  (Fig.  37)  with  S  (sul- 
phur).  Place  half  an  ounce  of  HO  (wa- 
ter) in  a  half-gallon  candy-jar.    Ignite  the 
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S,  and  allow  it  to  burn  in  the  jar,  which 
should  be  kept  covered.  The  Fig.  37. 
combustion  will  soon  cease, 
and  the  jamvill  be  filled  with 
a  white  fume,  which  is  SO^ 
(sulphurous  acid).  Remove 
the  S  dexterously,  and  quickly 
Explain  Exp.  98  re-covcr  the  iar,  so  as  to  exclude  the  air. 

in  full.  "^ 

Tie  a  slip  of  canton  flannel  to  a  glass  rod, 
and  saturate  it  with  NO^,  HO  (nitric  acid). 
After  which,  lower  it  into  the  fume  in  the 
jar.  A  reddish  vapor,  of  a  suffocating  odor, 
will  be  disengaged,  which  is  NO*  (nitrous 
acidj.     The  SO^  has  elected  an  atom  of 

Give  the  fomuia  0  from  the  NO^,  and  is  now  SO^.     SO- ; 

decomposition.  NO^  =  SO^;  N0^  The  Water  ill  the  jar 
will  soon  combine  with  the  SO^,  when 
the  burning  S  may  be  again  introduced, 
and  the  whole  process  repeated  several 
times.  In  this  way  some  diluted  SO^, 
HO  may  be  obtained.      This  compound 

How  is  sulphuric  is  prepared  for  commercial  purposes  by 

acid  prepared  for  i        ^  • 

commercial  pur-  heating  b  111  a  lumace,  and  conducting 

poses  ?  .  ^ 

the  SO^  (sulphurous   acid)  thus  formed 

through  the  vapor  of  NO^,  HO   (nitric 

What  does  the  ni-  acid).     The  NO^  viclds  up  one  atom  of 

trie  acid  yield  ?       .  "•^  '■ 

Why  is  the  com-  its  0  to  the  SO",  forming  SO^,  which  is 
brought  in  con"  then  brouglit  in  contact  with  steam,  from 

tact  with  steam  ?        i  •    i      • ,     i     i  i  f  ,  mi  • 

What   then  be-  whicli  it  takes  ail  atom  01  water,     ihis 
HOI  '  latter  compound,  SO^,  HO,  is  now  absorb- 
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ed  by  water  upon  the  leaden  floor  of  the 

chamber  in  which  the  last  process  is  con- 

what  is  afterward  ducted.    The  watcrv  solution  is  afterward 

done    with    the  i     i    •       i  i       • 

watery  solution?  evaporatcd  m  lar^  glass  or  platinum  re- 
torts, until  all  the  HO  (water)  has  passed 
off  except  an  atom  to  each  atom  of  SO^. 

What  is  the  com-  It  is  uow  SO^,  HO,  the  coinmon  Oil  of 

mon     name     of  '' 

S03,  no ;  Vitriol. 

What  takes  place       Exp.  99.  Immcrse  the  end  of  a  shav- 

when    wood    is    .  .  tt<-\ 

hrought  in  con-  mg  in  SO  ,  HO  (sulpliurio  acid).     It  will 

tact     with     sul-         ^  '  \         i  / 

phuricacid?        goon  be  cliarrcd.     The  shaving  is  com- 

why  is  it  char-  poscd  of  C  (carboii),  0  (oxygeu),  and  H 

(hydrogen),  CHO.      The  acid  combines 

with  the  HO,  and  the  Cfis  left  in  a  mi- 

For  what  is  this  nutc  State  of  division.     This  process  is 

process  often  re- 
sorted to  by  farm-  often  resorted  to  by  farmers  for  charring 

ers?  -^  .  ,° 

stakes  and  posts  which  are  to  be  used  in 
fencing. 

Exp.   100.    Incline   a  test-tube,    and 

slide  in  a  shingle  nail,  over  which  pour 

some  water.    Add  a  few  drops  of  SO^,  HO. 

Is     it     known  It  may  be  observed  here  that  it  is  not 

whether  sulphu-  i    i         •  •  i     • 

ric  acid  is  com-  kuowu  whether  sulphuric  acid  is   com- 
posed     of     S03,  ^ 

HO,  or  SOS  in  posed  of  SO^,  HO,  or  SO*,  H.     But  it  is 

What  IS  known  in   ^  '  ' 

relation  to  this  knowii  that  the  acid  consists  of  one  atom 

point  ? 

of  S,  four  of  0,  and  one  of  H.     In  this 
In  Exp.  100,  what  experiment  the  metal  Fe  (iron)  displaces 

does  the  iron  dis-  rr>-iiii  c~</~\a 

place?  the  H,  which  passes  on  in  bubbles.     SO*. 

Into  what  is  SO*,  '  ^  ' 

II,  or  S03,  HO  H,  or  SO^  HO  and  Fe  is  converted  into 

converted  ?  '  ' 

SO*,  Fe,  or  FeO,  SO^     In  either  case,  it 
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What    does    the  will  be  86611  that  the  metal  Fe  has  simply- 
iron  displace?  -Ill 

taken  the  place  oi  the  H  oi  the  acid,  while 
What  salt  was  the  Salt,  sulpliatc  of  oxidc  of  iron,  w'as 

formed?  r  i        a  i     i  i  i 

lormed.  As  soon  as  bubbles  cease  to  rise 
from  the  liquid,  remove  the  nail,  and  boil 
the  liquid  until  a  drop  of  it  upon  a  slip  of 
cold  glass  gradually  assumes  the  crystal- 
line form.  It  is  crystallized  sulphate  of 
What  is  its  com-  oxide  of  iron.     Its  common  name  is  Cop- 

mon  name  T 

peras. 


LESSON  XXI. 
™of%hos'pZ:    Phosphorus.     Equivalent  Z2.     Si/m- 

^^^-  hnl    P 

Its  equivalent  ?  uui  j.  . 

Exp.  101.  Wet  the  hands  with  water, 
Explain  Exp.  101.  and  by  means  of  the  point  of  a  knife,  re- 
move a  stick  of  P  from  the  bottle.     Hold 
it  between  the  thumb  and  finger  in  the 
with  what  has  p  air.      It  will  smoke.      P  has  combined 

combined?  .ii         /-\ci  •  ^     r  t    -r\r-\r^ 

The  compound  With  the  O  of  the  air,  and  lormed  PO^ 
(phosphoric  acid). 

Exp.  102.  Pour  some  water  upon  the 
table,  and  lay  a  stick  of  P  in  it.  Cut  off 
a  piece  of  the  size  of  a  pea,  and  dry  it  be- 

Expiain  Exp.  102.  twecii  folds  of  blotting  paper,  taking  care 
to  avoid  friction  or  pressure.  Remove  it 
quickly  to  another  piece  of  dry  blotting 
paper,  and  cover  it  with  finely-pulverized 
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C  (carbon — charcoal).     In  a  short  time  it 
will  burst  into  spontaneous  combustion. 

What  causes  the  The  C  absorbs  0  from  the  air,  and  con- 
veys it  to  the  P  so  rapidly  as  to  cause  its 
ignition. 

Exp.  103.  Put  a  thin  slice  of  P  into  a 
bottle,  and  pour  over  it  an  ounce  of  sul- 
phuric ether.  Let  it  remain  four  or  five 
days,  shaking  it  at  least  once  each  day. 
Pour  otfthe  liquid  into  another  bottle.     It 

What  inference  is  Contains  P  in  solutiou.     Hcncc  ether  dis- 

drawn  from  Exp.         ,  _. 

103?  solves  P. 

Ex}).  104.    Drop  some  solution  of  P 

Give  Exp.  104.      upou  the  insidc  of  the  hand.     It  will  emit 

a  wliite  vapor  and  an  unpleasant  smell. 

Rub  the  hand  in  the  dark,  and  it  will  ap- 

what  have  sui-  pear  to  bc  Oil  firc.     S  (sulphur),  C  (car- 

rus,  'and  carbon   bou),  and  P  (ohosphorus)  liaVC  been  call- 
been  caUed?  "  ^\      ^ 
Why?               ed  Fyrogens  (nre-producers). 

Exp.  105.  Fill  a  tall  wine-glass  two 

thirds  full  of  boiling  water ;  drop  into  it  a 

If    oxygen    be  Small  piccc  of  P,  and  direct  a  stream  of 

brought  in   con-    ^-^  . ,  -,  «  .  i  i  ^  •    i 

tact  with  phos-  O  upoii  it  by  mcaus  oi  the  gas-bag  and  jet. 
boiling     water,  A  brilliant  combustion  will  take  place  un- 

what  follows?  «  1  T    1  Ml 

What  will  remain  dcr  watcr.  A  rcddisli  mass  will  remain 
behind,  which  is  P^O  (oxide  of  phospho- 
rus). 

How  is  phospho-       P  is  obtained  by  decomposing  bones, 

rus  obtained  ?  ,  .  .  ,  ^  . 

and  must  be  preserved  under  water,  as  it 
undergoes  oxidation  in  the  air. 
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What  is  the  equiv- 
alent of  phosphu- 
retted  hydrogen .' 

Its  symbol  1 

How  is  it  obtain- 
ed? 


Explain  the  pro- 
cess in  full. 


Why     was     the 
ether  added  ? 


What  circum- 
stance renders 
this  precaution 
necessary  ? 


Phosphuretted  Hydrogen.  Equivalent 
35.  Symbol  PIP. 
Exp.  106.  Introduce  an  ounce  of  KO 
(caustic  potash)  into  a  half-pint  glass  re- 
tort, which  fill  hfl±£rfull  of  HO  (water). 
Drop  in  a  stick  of  P  half  an  inch  long,  and 
place  the  retort  in  the  sand-bath.  A  few 
minutes  before  applymg  heat,  pour  in  a 
drachm  of  sulphuric  ether,  which,  when 
heated,  will  volatilize  and  drive  over  the 
air  that  was  contained  in  the  upper  part 
of  the  retort.  This  precaution  is  neces- 
sary, as  PH^  (phosphuretted  hydrogen)  ex- 
plodes spontaneously  in  contact  with  air. 
The  beak  of  the  retort  should  pass  into  a 


bowl  filled  with  water,  and  must  be  im- 
mersed at  least  an  inch  and  a  half  beneath 
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its  surface.     The  heat  appUed  should  be 

gentle  at  first,  and  increased  until  the  gas 

As  each  bubble  of  passcs  ovcr.     Each  bubble,  as  it  rises  to 

the  gas  comes  in 

contact  with  the  the  surfacc  of  the  water,  bursts  into  corn- 
air,  what  takes 

place  ?  bustion,  and  then  forms  a  beautiful  wreath 

of  white  smoke,  which  widens  as  it  as- 
cends, until  it  is  finally  dissipated  in  the 

What  is  the  odor  air.     PH^  has  an  unpleasant  odor. 

of  PH3  3  '■ 

Exp.  107.  Hold  a  jar  of  0  over  the 

bubbles  as  they  ascend  through  the  water, 

keeping  its  mouth  beneath  the  surface. 

If  the  bubbles  of  Each  bubble  will  emit  a  brilliant  flash  of 

gas  are  exploded   ,.,  ,,  ,  ..  i/-\-ii 

in  oxygen,  what  light,  and  the  vesscl  containing  the  O  will 

is  the  phenome-  , 

I'on?  be  jarred. 

What  is  decom-       In  the  formation  of  Pff,  the  water  in 
Is  formed?  the  rctort  is  decomposed.     One  atom  of 

Give  the  formula  .  •   i      i 

upon  the  black-  p  unitcs  With  three  atoms  of  H,  and  forms 

board. 

PH^,  while  the  three  liberated  atoms  of  0 

unite  with  another  atom  of  P,  forming 

What  do  some  au-  PO^  (pliospliorous  acid).     Some  authors 

thors  affirm?  \i  i 

affirm  that  two  acids  are  formed  together 

with  Pff,  but  the  fact  has  never  been  es- 

Does  the  potassa  tablishcd  by  experiment.     The  KO  (po- 

undergo         any  ,  i,    j.      •         1 

change?  tassa)  undergoes  no  change,  but  simply 

acts  upon  the  HO  and  P  by  its  presence. 
Formula:  2P ;  SHO^PO^';  Pff.  The 
P  is  thus  divided  between  the  elements 
of  water. 
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LESSON  XtlL 

Give  the  equiva- 
lent and  symbol  Silicon.     Equivalent  22.      Symbol  Si. 

of  silicon.  -^ 

what^of  its  abun-       g^  -^  ^^^  ^^^^  abundant  of  all  the  ele- 
or'ga^s°e'ous  T*^*^'  '  meiits  except  0.     It  is   a  brown   solid, 

Will  it  burn  in  ox-        n-in  ••n       •       /~\     i      i 

ygen?  which  Dums  vividiy  m  U,  but  never  oc- 

Docs  it  cvgr  occur 

free  in  nature  ?     curs  free  ill  uature.     It  is  always  found 

With    what    ele-  •   i     ^  i   •  ii     i    c<-i  ce- 

ment is  it  always  combined  With  0,  and  is  called  bilex,  bii- 

found  combined  ! 

What  is  it  then  ica,  or  Silicic  Acid. 

called  ?  ' 

The     equivalent  SHica  (SiHcic  Acicl).     Equivalent  46. 

and  symbol  of  sil-  7     7    r*  •  ^t 

ica?  Si/ moot  SlO. 

In  what  does  siii.       SiO^  abounds  in  all  rocks  except  coal, 

ca  abound  ?  ,  _        . 

limestone,  and  rock  salt.     It  also  enters 

What    are   sand-   largely  illto  tllC  Composition  ofsoils.     Sand- 
stone and  Aim?         ,  ,    r,-     ,  ,  OTi3   /    -I- 

stone  and  nmt  are  nearly  pure  feiU^  (sih- 
what  is  said  of  ca).      SiO^,  combiiicd  with  different  me- 

the   rose  quartz,         ^^■  ■  t  r 

&c.?  tallic  oxides,  forms  the  rose  quartz,  chal- 

what  gives  stiff-  cedouij ,  aiicl  opal.     The  stalks  of  grains 

ness  to  the  stalks  ^      .  .  ^  „ 

of  grains    and  and  ffrasscs  owc  their  stillness  to  SiO^. 

grasses  ?  "  .    _      _ 

What  of  scouring-  Scouritig"  ruskes  posscss  it  in  much  lar- 

rushes?  .  ci-r\'^         t  i  - 

Tinder  what  cir-  gcr  quantity.     SiO"^,  whcu  subjcctcd  to  a 

cumstances  does  c    1         •  1 

Si03  possess  acid   strOUff  hcat,  DOSSCSSeS  pOWCriul  acid  prop- 
properties'  .     °  '  r  r  11 

Heated  with  pc-  ertics.     Hcatcd  with  KO  (potassa)  or  NaO 

tassa    or     soda,  -1    \     •      r  -rr^  /-vt 

what  is  formed '   (soda),  it  forms  KO,  SiO"^  (silicate  of  po- 
tassa), or  NaO,  SiO^  (silicate  of  soda),  ei- 
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Is  common  win-  tlier  of  wliicli  compounds  is  glass  ;  hence 

dow-glassasalt?-  .  . 

If  sesquioxide  of  cominoii  wmdow  fflass  IS  a  salt.      VVnen 

iron   is   present,  _ 

wiiat    kind    of  Y&^O^   (sesQuioxide   of  iron)   is  present, 

glass  is  formed?  ^  -^    _  /  j. 

How  is  flint  glass  green  glass  is  formed.  If  PbO  (protox- 
ide  of  lead),  flint  glass. 

Exp.  108.  Place  half  an  ounce  of  KO 
(caustic  potash),  two  ounces  of  HO  (wa- 
ter), and  one  fourth  of  an  ounce  of  pulver- 
ized sand,  in  a  glass  flask,  and  boil  for 
half  an  hour,  adding  water  as  it  evapo- 
rates. Transfer  the  whole  to  a  tall  phial, 
and  allow  the  solution  to  cool  and  settle. 

Give  Exp.  108  in  Pour  ofF  the  upper  portion  of  the  liquid 
into  a  larger  vessel,  and  dilute  it  with  six 
times  its  bulk  of  water,  and  add  an  ounce 
of  HCl  (hydrochloric  acid).  Now  evapo- 
rate the  solution  to  dryness  in  a  glass  or 
porcelain  vessel.  A  white  powder  will  re- 
main, which  is  SiO^  (silica  or  silicic  acid). 
This  powder  can  not  again  be  dissolved  in 

In    how    many  Water.     Thus  wc  scc  that  this  body  exists 

exist?  in  two  states,  the  soluble  and  the  insolu- 

ble. In  the  soluble  state,  it  is  absorbed 
into  the  structure  of  plants,  when  the  so- 
lution which  contains  it  is  evaporated  by 
the  sun's  rays,  and  the  SiO^  (silica)  is  de- 

what  would  foi-  positcd.     If  it  wcrc  now  soluble,  the  rains 

low  if  it  were  not  iiti-  it  i 

for    these    two  and  dcws  would  dissolve  it,  and  the  plant 

states  ?  ^ 

would  be  left  without  support,  as  would 
be  the  human  frame  without  bones. 


HYDROFLUORIC    ACID.  95 


What  is  the  equiv-  _,         ,         _, 

aient  of  fluorine?  Fluorlne.     Equivalent  \^.     bymbol  F. 

Its  symbol  ?  ^  "^ 

Has  this  element       F  lias  iiot  jct  been  obtained  uncom- 
lated?  bined  with  other  elements,  which  is  prob- 

ably owing  to  its  powerful  affinities.     At 
least  this  is  the  opinion  of  Professor  G-reg- 
why  are  its  prop-  orv,  of  Edinbur2:h,     Its  properties  are,  no 

erties  inferred  to        "^  °  -i  Vv 

be  simuar  to  ox-  doubt,  somewliat  simuar  to  0,  as  the  two 

ygen?  '  .  ' 

elements  have  no  affinity  for  each  other. 
Give  the  equiva-    Hydrofluoric  Acicl.     Equivalent  20. 

lent  of  hydroflu-  "'  _; 

oricacid.  hymOOl  HJb .  , 

Explain  the  pro-       Exji.  109.  Place  half  an  ounce  of  CaF 

cess  of  obtaining    ,  ^  ■  ^  i-         ^    •  n  \     ■ 

HF.  (nuonde  oi  calcium  or  iluor  spar)  in  a 

shallow  leaden  vessel,  which  should  be 
about  three  inches  broad  and  three  fourths 
of  an  inch  deep.  Add  an  ounce  of  SO^, 
HO  (sulphuric  acid).  Smear  over  a  piece 
of  plain  glass  two  inches  wide  with  wax. 
Form  upon  it,  by  removing  the  wax,  let- 
ters or  figures,  and  place  them  directly 
over  the  mouth  of  the  vessel.  (See  Fig. 
39.)  Apply  a  gentle  heat  to  the  leaden 
vessel,  and  stand  at  a  little  distance  for 
a  few  minutes.  Remove  the  heat,  and 
place  the  glass  where  it  will  cool.  Care 
Why  should  care  must  be  takcii  iiot  to  allow  any  of  the 

the  contact  of  fuiiie  of  HF  to  comc  ill  coutact  with  the 

HF      with      the 

ekinj  skill,  as  it  produccs  lingering  sores.     It 

must  not  be  breathed.     Wash  the  glass 
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Fig.  39. 


with  waterj  and  remove  the  wax,  when 

the  letters  or  figures  will  remain  distinct. 

What  is  this  pro-  This  proccss  is  Called  etchinsr  on  s;lass. 

cess  caUed?  *  i  i  • 

Why  must  HF  be  HF  dissolves  glass,  and  hence  is  preserved 

preserved  in  lead-    •it-,  mi  •    i 

en  bottles  ?         in  leaden  bottles.     The  materials  used  for 

Materials  used  for 

obtaining  HF  ?     obtaming  HF  were : 


Fig.  40. 


CaF 


Draw  and  explain 
the  figure. 

S03,HO  CaO,  S03 

The  H  of  the  acid  was  simply  displaced 
by  the  metal  Ca,  when  it  united  with  the 
F,  forming  HF  (hydrofluoric  acid).     For- 

Give  the  formula,  mula  :  CaF;  SO^,  HO  =  CaO,  SO^;  HF. 

cess  when  HF  is  If  HF  is  required  in  the  liquid  form,  its 

desired     in     the  ,  i  i     • 

liquid  form?        vapor  must  06  condcnsed  in  a  receiver 
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surrounded  with  ice,  from  which  it  may 
he  poured  into  a  leaden  hottle  and  care- 
fully sealed. 


LESSON  XXIII. 
^nVof^Slnl   Aluminum.     Equivalent  14.     Symbol 

um?  A] 

Its  symbol?  -^'• 

Explain  the  exper-       Exp.  110.  Heat  to  rcduess  in  a  defla- 

iment  of  burning  ,•  ,  t-,-        o/-\  ii 

Alia  oxygen.  gratmg  spoou  (scc  big.  ti/)  a  small  quan- 
tity of  Al,  and  plunge  it  quickly  into  *a 
jar  of  0,  which  must  be  kept  covered.  A 
brilliant  combustion  will  ensue,  the  result 

What  is  the  re-  of  wliicli  is  APO^  (alumiua  or  sesquioxide 
of  aluminum),  partially  fused.     It  is  near- 

whatofthehard-  ly  as  hard  as  the  diamond,  glass  being 

liessofthe  com-  ,.,  ,    i         •,  >  io/^t   •       r  i  i 

pound?  readily  cut  by  it,     ArU^  is  iound  nearly 

Its  formula?  /  ^  •      ^i       -.  r  ^^  ,  ■ 

What     precious  purc  111  naturc,  in  the  lorm  oi  the  sapphire 

stones  are  nearly 

pureAi?  and  rub//.     It  is  also  a  prominent  ingre- 

What  is  the  chief  ^  '  ° 

ingredient      of  dicut  of  clays  and  slate  rocks.     Emery 

clays  ?  .'  '' 

Of  what  does  em-  cousists    of   miuutc    particlcs    of  APO^, 

ery  consist  ?  l  ' 

which,  on  account  of  their  hardness,  are 
used  for  polishing  glass  and  the  harder 
metals. 

Exp.  111.  Boil  for  twenty  minutes  half 

an  ounce  of  Brazil  wood  with  four  ounces 

Give  Exp.  112  in  of  HO  (water)  iji  a  retort  or  flask.     Pour 

off  the  liquid,  and  add  half  an  ounce  of 

KO,  SO^,  APO^  3S03  (alum).     The  color 

E 
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is  heightened.     Now  add  some  saturated 

solution  of  NaO,  CO^  (carbonate  of  soda). 

A  brilliant  red  precipitate  will  settle  to 

What  is  the  pre-  the  bottom,  wliicli  is  BrcizU  Wood  Lake. 

cipitate  called  ?       _,,  ^       ,  .  ^  ,  .        ._ 

For  what  is  the  The  acetttte  of  alumina,  formed  by  Exp. 

acetate  used  •         ^     . 

o,  is  used  by  dyers  for  setting  colors. 

Tofsodium'^^''''  Sodium  (Latin  Natrium).     Equivalent 
''indeiuivS"^  23.     Symbol  Na. 

Exp.  112.  Fill  a  test-tube  half  full  of 

HO  (water),  into  which  drop  a  small  piece 

If  Na  be  placed  of  the  metal  Na.     It  will  move  round 

upon  water,  i  <■  •  i 

whatfoUows?  upon  the  surface,  presenting  the  appear- 
ance of  a  beautiful  silver  ball,  until  final- 
ly it  disappears.     The  element  Na  has 

withwhathasNa  ^^-^^^  ^^-^j^  ^|^g  element  0  of  the  water, 

is  foritied?^'"^"    and  formcd  NaO  (soda). 
How  is  the  phe-       Exp.  113.  Usc  boiling  Water  instead 

nomenon     chan-      c       ^  ^  ii  i  •         •        •    i 

ged  by  using  boil-  of  cold,  and  tlic  combustiou  IS  Violent,  and 

ing  water  ? 

often  attended  with  explosion.     The  Na 

combmes  so  vigorously  with  the  0  that  a 

sufficient  quantity  of  heat  is  liberated  to 

What  gae  Is  igni-  iguitc  the  cscaping  H,  which,  owing  to 

Why  does  it  burn  the  prcsencc  of  Na,  burns  with  a  yellow 

with    a    yellow 

flame!  flame. 

Exp.  114.  Pour  the  liquid  formed  by 
the  above  into  an  infusion  of  purple  dah- 
lia or  blue  cabbage.     The  color  will  be 
How    is     soda  changed  to  green.     AH  alkalies  produce 
SiMi?  "  ^  ""  this  effect  upon  vegetable  blues ;  hence 
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NaO  (soda)  is  an  alkali.     Na  has  a  strong 

attraction  for  0,  and  must  be  preserved 

How  must  sodium  in  a  Hquid  which  does  not  contain  this  el- 

be  preserve         gj^jgnt.      Mineral   naphtha   is   ordinarily 

used  for  this  purpose. 

What  is  the  equiv-  rw7  i  /~i  ci     r  \ 

aient  of  chloride     Cliloride  of  Sociium  ( CommoTi  bait). 

of  sodium?  *^  ^  ^^    ^ 

Its        common         Equivalent  58.      Symbol  NaCl. 


name ! 


Its  symbol?  j^^^j  215.  Fill  a  tumbler  half  full  of 

CI  (chlorine)  water,  and  add  a  piece  of  Na 
of  the  size  of  a  pea.  It  will  have  the 
same  appearance  as  in  Exp.  112.     But 

Explain  Exp.  115.  thc  Na  has  Combined  with  the  CI  instead 
of  the  0  of  the  water,  and  formed  NaCl 
(chloride  of  sodium).     Evaporate  the  so- 

what  are  the  cu-  lutiou  gradually,  and  cubical  crystals  will 
formed?  bc  formed.     These  are  Common  Salt. 

In  what  parts  of       ComiTion  Salt  is  fouud  iu  all  parts  of  the 

the  earth  is  com-  ji-i  ,-,•  a  i-  •  i 

mon  salt  found ?    earth  HI  large  quantities,     bometimes  it 

is  dug  from  the  bowels  of  the  earth  in 

In  what  form  is  it  liuge  masscs,  which  are  afterward  broken 

obtained      when    . 

dug    from    the  mto  smaii  frasfmeiits,  and  thus  rendered 

earth?  .  i 

convenient  for  the  use  of  man.     In  this 

What  does  it  re-  form  it  rcscmbles  a  transparent  rock,  and 

What  is  it  called?  is  callcd  Rock  Salt.  At  others  it  is  ob- 
is it  obtained  in         _ 

any  other  form  ?  taiucd  from  Salt  Spring's,  which  are  reach- 
ed at  a  depth  of  several  hundred  feet  be- 
neath the  surface  of  the  earth.  From 
these  the  water  is  pumped  into  vats  and 
evaporated  until  it  crystallizes.     Granu- 
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How  is  granular  lar  Salt  Is  formed  by  stirring  the  heated 

salt  obtained  ?  m  •     • 

Why  has  the  Cre-  mass  uiitil  it  IS  nearly  cold.     Salt  is  indis- 

ator       furnished  i        i  •  c        r-     i 

this  substance  in  pensaole  to  the  life  of  plants  and  animals, 

such  abundance  ?    ^ 

and  hence  a  henevolent  Creator  has  fm'- 
nished  it  in  such  abundance. 

^^pmssLml'"    PotassiUi)i  (Latin  Kalium).     Equiva- 
symbo/r'"''  l^nt  39      Symbol  K. 

Exp.  116.  Boil  some  water  in  a  large 
basin,  and  when  cold  fill  a  test-tube  from 
it.  Invert  the  test-tube  in  the  basin,  and 
keep  its  mouth  beneath  the  surface  of  the 
water.  By  means  of  a  pair  of  slender 
pliers,  place  a  piece  of  K  (potassium)  un- 
der the  mouth  of  the  tube,  and  allow  it  to 
If  potassium  be  escape.  It  will  rise  up  in  the  tube,  and 
ter,    what    foi-  combiuc  rapidly  with  the  0  of  the  w^ater 

lows?  .  i.  J 

What  is  liberated?  in  tlic  form  of  a  combustioii,  while  the  H 
is  liberated,  wdiich  will  soon  displace  the 
water. 

Exp.  117.  Lift  the  test-tube  from  the 

What  is  Exp.  117?  watcr,  and  quickly  apply  a  lighted  match 
or  candle  to  its  mouth.  The  H  will  ignite, 
and  burn  with  its  characteristic  flame. 

If  potassium  be       Exp.  118.   Cut  out  a  Small  cavity  in  a 

brought  in   con-       .  ■     ,      ■,  •  r  ir 

tact    with    ice,  piecc  01  icc,  and  drop  into  it  a  piece  of  K. 

what  ensues  •  ,  . 

A  combustion  will  ensue.     The  K  com- 
bines vigorously  with  the  0  of  the  ice 
(crystallized  w^ater),  and  the  H  is  again 
Give  the  formula,  liberated.      Fomiula  :  HO;   K=:KO;  H 
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HO 


Explain  Fig.  41. 


H 


jr 

K 


KO 


set  free.     K  is  a  white  metal  resemtling 
What    are    tiie  Na  (sodium)  ill  maiiv  of  its  properties.     It 

properties  of  po-        •    ^  ^  -k  n 

tassiumi  yields  to  the  pressure  of  the  fingers  like 

What     of     its  wax,  and  is  the  lightest  of  all  the  metals, 

weight?  ,     .  . 

being  lighter  than  HO  (water).     It  has  a 
How  must  it  be  powerful  attraction  for  0,  and  must  be 

preserved?  i     ti        tvt 

preserved,  like  JNa,  under  naphtha. 


LESSON  XXIV. 


What  is  the  equiv-     tut 
alent  of  manga-    MUUH^anHbH 


nese  '. 
Its  symbol  ? 


Equivalent  28.      Symbol 
Mn. 

Exp.  119.  Mix  one  part  of  MnO^  (per- 
oxide of  manganese)  wiilx  one  of  C  (char- 
coal) in  a  mortar,  and  pulverize  them 
thoroughly  together.  Add  sweet  oil  suf- 
ficient to  form   the  whole   into   a  thick 

Explain  Exp.  119.  pastc.  Transfer  to  a  crucible,  which 
should  be  covered  and  subjected  to  a  white 
heat.  The  two  atoms  of  0  from  the  ox- 
ide unite  with  one>  of  C,  and  form  CO- 
(carbonic  acid),  and  the  Mn  remains  in 
its  metallic  form,  slightly  covered  with  an 

Give  the  formula,  oxidc  of  the  metal.  Formula :  MnO- ; 
C  =  CO^ ;  Mn  set  free.     (See  Fig.  42.) 
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Draw  and  explain 
Fig.  42. 

C  Mil 

Exp.  120.  Mix  in  a  mortar  one  part 
of  MnO",  four  of  litharge,  and  four  of  pipe 
clay.  Pulverize  thoroughly,  and  add  wa- 
ter until  a  thick  paste  is  formed.  Trans- 
fer the  whole  to  a  crucible,  and  apply  a 
red  heat.  On  cooling,  it  will  form  a  bright 
black  glaze.  If  half  the  quantity  of  MnO^ 
is  used,  its  color  will  be  brown.  Potters 
How  do  potters  prepare  black  or  brown  glaze  in  a  similar 

prepare      browa  . 

and  black  glaze  ?  Way.     MuO'  was  formerly  used  instead 

For  what  was  the 

psroxideofman-  of  KO,  ClO^  (chloratc  of  potassa)  for  ob- 

ganese    formerly  ^  ^ 

us8d?  taining  0. 

Give  its  proper-       Mil  is  a  grav  metal,  more  difficult  of 

ties.  .  . 

fusion  than  Fe  (iron).  It  is  never  found 
free  in  nature,  but  always  in  combination 
Where  is  the  ox-  with  0.     It  is  obtained  in  great  abun- 


ide  found  ? 


&' 


dance   in  the  form   of  MnO^,   from  the 

mountains  of  Tennessee,   and  in  many 

Does  manganese  other   parts  of  the   world.     It  combines 

gen  to  form  more  with  0,  forming  scveral  different  com- 

than    one     com-  ^ 

pound?  pounds. 


^qutvaien?  and  Mag-fiesiuM.     Equivalent  13.     Symbol 

symbol  of  magne-  Tl/T/^ 

slum '  ^"S  • 

In  what  form  docs       Tliis  element  is  also  a  metal.     It  has  a 

this  element  ex- 
ist? Silvery  appearance,  and  does  not  combine 


MAGNESIA.  lOS 

Does  it  unite  with  witli  0  at  Ordinary  temperatures.     Hence 

O     at     ordinary    .  i  -i 

temperatures?      it  may  be  easily  preserved. 
The     equivalent  Magnesici  (Protoxicle  of  Magnesium). 

and    symbol    of  .  7771/ry^ 

magnesia?  hquivalent  21.      i^ymbol  mgO. 

Whatofthediffu-         Tliis    compound    is    widely    diffused 

siori  of  this  com-  ,       ^  . 

pound?  throughout  the    earth,  but  is    generally 

What  is  the  com-  Combined  with  SO^  (sulphuric  acid),  when 

position    of  Ep-    ..  T-ir 

som  salts?  it  IS  Called  Lipsoni  baits,     it  is  also  found 

With  what  other  in  nature  combined  with  CO^  (carbonic 

body  is  magnesia  .  .  ni/^i  r-nir 

found  ?  acid),     it  is  then  called  Carbonate  oi  Mag- 

What  do  springs  iiesia.      Springs  in  various  parts  of  the 
of  the  earth  con-  earth  coiitaiii  MgO,  SO^  (or  SO*,  Mg)  in 

tain?  °   .  ^       .  °    . 

solution,  as  at  Saidschutz,  in  Bohemia, 

Where  are  large  whcrc  large  quantities  of  this  salt  are  ob- 

som  salts  obtain-  taiucd.     Tlic  watcrs  are  evaporated  until 

cd?  ^ 

whatisthechem-  crvstals  of  M^O,  SO^  (sulphato  of  magnc- 

ical  name  of  Ep-      .  °  ^        '  ° 

som  salts?  sia)  appear. 

£Jxp.  121.  Dissolve  as  much  Epsom 
salts  in  an  ounce  of  water  as  possible,  and 

Explain  Exp.  121.  add  a  strong  solution  of  carbonate  of  po- 
tassa.  A  white  precipitate  will  be  form- 
ed, which  is  MgO,  CO"  (carbonate  of  mag- 


MgO, S03  MgO,  CO2 


Draw  the  diagram 
and  explain  it. 


3^ 


KO,  CU2  KO,  S03 

nesia).     MgO,  SO^ ;  KO,  CO"-  =  KO,  SO^ 
MgO,  CO-  set  free.     The  SO'  elects  the 
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KO,  and  the  CO^  the  MgO ;  that  is,  the 
acids  have  changed  places — an  illustra- 
tion of  double  elective   affinity.     When 
What  is  the  com-  MgO,  CO^   (carbonatc    of   magnesia)  is 

pound    of    lime-  ...  .  , 

stone    and  the  found  nativc  m  conncction  with  CaO,  CO^ 

carionate         of 

magnesia  called?  (limcstone),  the  compound  is  called  Do- 
lomite. 

lent  of  calcium.     Ccilcium.    Equivctlejit  2Q.     Symbol  C a. 

Also  its  symbol. 

Have  the  proper-       Tlic  properties   of  this   element  have 

ties   of  this   ele-  r   ■t^        ■  •  i      i  •       '• 

ment   been  fully   nCVCr    DCen    fullv    investigated,     but    it    IS 

investigated?  "^  " 

Has  it  any  affinity  supposcd  to  he  a  metal.     It  has  a  power- 
ful affinity  for  0. 

TentofprlS;  Protoxich  of  Calcium  {Lime).     Equiv- 
it"s'"symbon'  alent  28.     Sijmbol  CaO. 

Exp.  122.  Place  a  small  piece  of  CaO, 
The       common  CO^  (carhonate  of  lime — chalk)  in  a  cru- 

name      for     the  -  .  .  i  •         i 

compound!         cihle,  and  subject  it  to  a  white  heat  for 

half  an   hour.     Its   properties   are   now 

Explain  Exp.  122.  changed.     It  will  not  mark,  and  has  an 

alkaline  taste.     The  heat  has  driven  off 

the   CO^   (carbonic  acid),  and  the   CaO 

With  what  is  lime  (Hmc)  remains.     CaO  is  usually  found  in 

combined  in  na-  uaturc  Combined  with  CO^.     Chalk,  mar- 

what  is  the  for-  blc,  and  limestonc  are  nearly  pure  CaO, 

and aiabaW ?      CO^  (carbonatc  of  lime).     Grvpsum  and 

Their       chemical  /  %*  i 

name?  alabaster  are  CaO,  SO^  (sulphate  of  hme). 
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^im  'and  tymboi  Cliloricle  of  Ccilcium.     Equivalent  ^^. 


of  chloride  of  cal- 


Symbol  CaCl. 


Explain  the  exper-       Exj).  123.  Add  some  pieccs  of  clialk  to 

iment  for  obtain-  .  ^^r^^    /i        i         i  i       •  •  Tw 

ing    this    com-  an  ouiice  oi  HCl  (hydrochloric  acid;  un- 
til effervescence  ceases.     CaCl  and  HO 


pound. 


Draw    and   illus- 
trate Fig.  44. 


(water)  are  formed  while  the  CO^  (car- 
Tbonic  acid)  is  liberated  in  its  gaseous  form. 
Eva.porate  the  solution  until  it  has  the 
appearance  of  a  sirup,  and  allow  it  to 
cool.  Crystals  of  CaCl  will  be  formed. 
For  what  is  caci  CaCl  is  uscd  cliicfly  for  drying  gases,  as 
What  name  has  it    attracts    moisturc    with   gi'cat    force. 

been  given  to  this  .      .  hit  . 

salt?  Hence  it  is  called  a  hygroscopic  salt. 


LESSON  XXV. 

What  is  the  Latin    _  .  \  -n        •       i  nn 

for  iron?  Iron  (Latin  I'errmn).     Equivalent  2^. 

Its     symbol     and  ^  ,  _, 

equivalent?  SlimOOl  Fc. 

What    is    formed 

?h^e  '^"sZtlo.!       E^P'  124.  Evaporate  the  solution  form- 
formed  by  Exp.   ^^   ^y  g^p_   y^^        Q.^.^^^    ^.^j..^j    ^^..^^   ^^ 

th^chemi^aTand  formed,  wliich  is  FeO,  SO^  (sulphate  of 

common  name  of  j-i  c  •         \ji  -\     i_  ^   • 

the  substance,      pi'otoxide  01  iroii),  the  substance  used  in 
E2 
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What  is  said  of 
iron  ? 

Is  it  ever  found 
nearly  pure  in 
nature  1 

With  what  ele- 
ments is  it  usual- 
ly found  ? 

Springs  which 
contain  the  car- 
bonate of  iron  are 
called  what  ? 

How  many  oxides 
are  found  in  na- 
ture? 

What  are  they  ? 


Is  the  protoxide 
ever  found  in  na- 
ture? 

What  of  its  prep- 
aration in  the  la- 
boratory ? 


Exp.  4.  It  is  commonly  called  Copperas. 
Fe  is  the  most  useful  of  all  the  metals, 
and  is  sometimes  found  nearly  pure  in  na- 
ture. It  is  usually  found  combined  with 
0  (oxygen),  S  (sulphur),  or  CO-  (carbonic 
acid).  Springs  which  contain  the  carbon- 
ate of  oxide  of  iron  are  called  Chalybeate. 
There  are  two  oxides  of  Fe  found  in  na- 
ture, the  Fe^O^  (sesquioxide  of  iron)  and 
the  Fe^O^  (magnetic  oxide — loadstone). 
FeO  (protoxide)  is  unknown  in  a  free 
state  in  nature,  and  is  prepared  in  the  la- 
boratory with  great  difficulty. 


Table  of  the  Inorganic  Elements^  ivith  their  Equiv- 
alents and  Symbols. 


Selenium 40  Se. 

Bromine 78  Br. 

Iodine 127        I. 

Barium 69  Ba. 

Strontium 44  Sr. 

Cobalt 30  Co. 

Nickel 30  Ni. 

Zinc 32  Zn. 

Tin  (Latin  Stannum)  .  59  Sn. 

Cadmium 56  Cd. 

Lead  (Latin  Plumhurh)  104  Pb. 

Bismuth 71  Bi. 

Copper  (Lat.  Cuprum)  32  Cu. 


Mercury  (Latin  Hy- 
drargyrum)   

Silver  (Latin  Argen- 
tum) 


203      Hff. 


108      Ag. 


Gold  (Latin  Aurum) . 

Platinum 

Chromium 

Antimony      (Latin  ) 

Stibium) ) 

Arsenic 

Iridium 

Lanthanium 

Lithium 

Molybdenum 

Osmium 

Palladium 

Rhodium 

Ruthenium 

Tantalum 

Tellurium 

Thorium 


Equir- 
afent. 

199 
99 

28 


75 

99 

48 

6 

48 

100 

53 

52 

52 

185 

64 

60 


Symbol. 

Au. 
Pt. 
Cr. 


129       Sb. 


As. 

Ir. 
La. 

Li. 
Mo. 
Os. 
Pd. 

R. 
Ru. 
Ta. 
Te. 
Th. 
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Titanium 24 

Tungsten         (Latin  ^   ^^^ 

Wolfram) ^ 

Uranium 217 

Vanadium C9 

Yttrium 32 

Zirconium 34 

Terbium* — 

Pelopium* — 


Give  the  equiva- 
lent and  symbol 
of  selenium. 


Its  color. 

Is  it  a  solid? 

What  is  its  color 
when  in  the  form 
of  a  fine  powder? 

For  what  ele- 
ments has  it  an 
affinity? 


Symbol.  -^^^^^l;  Symbol. 

Ti.      Norium* —  Nr. 

,  ,       Didymium* —  D. 

Glucinum* —  G. 

U.      Niobium* —  No. 

V.       Umenium* —  II. 

T.       Erbium* —  E. 

Zr.      Donarium* —  Do. 

—       Tb.      Aridium* —  Ar. 

—       Pe.      Cerium* —  Ce. 

Boron 11  B. 

Beleniujn.  Equivalent  40.  Symbol 
Se.. 
Se  is  a  dark  brown  solid,  having  a  me- 
tallic lustre  and  a  deep  red  color  when 
reduced  to  a  fine  powder.  It  has  an  af- 
finity for  0  (oxygen),  H  (hydrogen),  Br 
(bromine),  CI  (chlorine),  S  (sulphur),  and 
P  (phosphorus). 


aient  of  bromine?  Brominc.    Equivalent  40.     Symbol  Br. 

Its  symbol .' 

Is  it  a  metal?  Br  is  a  rcddish  brown  liquid,  very  pois- 

what  of  its  pois-  oiious  and  corrosive  to  the  skin.     Three 

drops  of  it  placed  upon  the  tongue  of  a 

rabbit  will  produce  death  in  a  few  seconds. 


equiva^nt°ofTo-    lodme.     Equivalent  127.      Symbol  I. 

dine  ? 

Give  its  proper-       I  is  a  bluish  black  solid,  of  a  metallic 
In  what  form  is  it  lustre.     It  is  obtained  in  thin  laminae  or 

obtained  ? 

With  what  color-  scales,  and  burns  with  a  beautiful  violet 

ed  flame  does  't    j^  t 

bBTii?  name.      It   derives   its   name    from   the 


*  Elements  whose  equivalents  are  not  well  established. 
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From  what  does  it  Grrcek  loclos,  which  iTieaiis   violet.      It 

derive  its  name?  .  •   i       i  ^        c  ■  •      ?•  t 

When  it  unites  uiiites  With  the  metals,  lormm^  iodides. 

with  the  metals, 
what  are  formed? 

axmi'ofhaimmi  Barium.     Equivalent  Qd.     Symbol  Ba. 

Its  symbol  ? 

,  Ba  is  a  gray  n^etal,  somewhat  resem- 

its  properties  ?      bhiig  cast  U'on.     Its  properties,  however, 
With  what  eie-  are  little  known.     It  combines  with  0, 

ment      does      it  ■         t^    r\    t 

unite  ?  forming  BaO  (protoxide  of  barium,  or  ba- 

ryta). 

TienV'of^ltTntl:    StroutiuM.     Equivalent  M.     Symbol 

urn?  o  . 

Give  its  symbol.  *j'  • 

What  of  its  prop-       Sr  iBsembles  Ba  (barium)  in  appear- 

crtics  ? 

ance  and  properties,  so  far  as  it  has  been 
investigated. 

Give  the  equiva-     „    .  _,        .  __  „         t     j    y-t 

lent  and  symbol  Cobalt.     Equivalent  30.     Symbol  Co. 

of  cobalt.  ^  "^ 

Its  color.  It  is  a  reddish-colored  metal,  very  diffi- 

other  properties,  cult  to  fuse,  aiid  of  a  brittle  texture.  Co 
is  strongly  attracted  by  the  magnet,  and 
combines  with  0,  CI,  and  S. 

What  is  the  equiv-  _^         .  „ 

aient  of  nickel?    JSickel.     Equivalent  dO.     Symbol  Ni. 

Its  symbol  ? 

AVhat  metal  does       This  element  resembles  silver  in  ap- 
pearance.    It  is  difficult  to  fuse,  and  very 
For  what  is  it  decidedly   magnetic.     Magnetic    needles 

sometimes  used  ?  ... 

made  of  i\i  are  more  durable  than  when 

made   of  steel,  as  they  do  -  not  oxydize 

What  is  the  com-  wlieu  exposcd  to  air.    Ni  is  one  of  the  met- 

man  silver  ?        als  which  form  the  so  called  German  sil- 
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With  -what  eie-  vcr,  the  other  two  being  Cu  (copper)  and 
el  unite!  Zn  (zhic).     It  uiiites  with  0,  CI,  and  vS. 

Give  the   equiva-  07 

lent  and  symbol     Zinc.     Equivalent  32.     Symbol  Zn. 

of  zinc. 

Zn  is  a  bluish  metal,  not  easily  tarnish- 
ed on  exposure  to  air.  At  common  tem- 
its  properties.  pcraturcs  it  is  brittle,  but  when  heated 
to  270°  Fahrenheit  it  is  both  ductile  and 
malleable.  Burned  in  0,  it  emits  a  white 
lisrht. 


LESSON  XXVI. 
TofdfoXY""  ^^^  (Latin  Stannum).     Equivalent  59. 

Its     symbol    and  Svmbol    Su 

equivalent?  ^ijinuuL    o/t. 

Sn  is  a  white  metal  having  a  decided 
lustre.     It  is  but  slightly  oxydized  on  ex- 

Give  its  proper-  posurc  to  air,  aiid  is  susceptible  of  being 
beaten  into  leaves  not  more  than  yoVo^^^ 
of  an  inch  in  thickness.     In  this  form  it 

Of  what  is  com-  is  caDcd  tui  foU.     Thin  sheets  of  iron 

mon        tin-ware  i        •   i       i  • 

composed?         coatcd  With  this  mctal  form  the  common 

tin-ware  of  the  shops.     Sn  in  bars  pro- 

with  what  bodies  duccs  a  crackling  sound  when  bent.     It 

does  the  element  ■   t     r\     c  ^    r^^ 

unite?  combines  with  0,  S,  and  CI. 

Give  the  equiva-     Cadmium.     Equivalent  5Q.     Symbol 

lent  and  symbol  _^ 

9f  cadmium.  Cf/. 

Cd  resembles  Sn  (tin)  in  appearance, 
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but  it  is  harder  and  much  more  tenacious. 
Its  properties.       It  is  malleable  and  ductile  to  some  extent, 
and,  like  Sn  and  Zn,  unites  with  0,  CI, 
and  S. 


'^ea/'*"''"''^"""^    Lead  (Ldiim  Plumbum).     Equivalent 
itidtne.      .  104.     Symbol  Pb. 

Pb  has  somewhat  the  appearance  of 
Give  its  proper-  Zu.     It  is  soft,  malleable,  and  ductile,  but 


ties. 


How  many  oxides  posscsscs  little  tenacity.     When  subiect- 

are  formed  ?  ^  .  .  •'      .  *' 

ed  to  heat  in  air,  two  oxides  are  formed, 

PbO  (protoxide  of  lead — a  yellow  powder) 

and  Pb^O*  (red  oxide  of  lead),  which  is 

formed  when  the  heat  is  intense  and  the 

What  is  litharge  ?  air  is  ill  cxccss.      PbO,  partially  fused, 

forms  the  Litharge  of  commerce.     The 

What  forms  the  gray  film  which  accumulates  upon  the 

the  surface  of  surfacc  of  melted  Pb  (lead)  is  PbO,  mixed 

With  what  other  mechaiiically  with  the  metal.     Pb  unites 

bodies  does  lead  .   .     ^,     .^      _.  ->    a 

unite?  also  With  Ul,  lir,  I,  and  fe. 

lent  and  symbol  Bismutk.     Equivalent  71.     Symbol  Bi. 

of  bismuth. 

Its  color  and  tex-  Tliis  element  is  of  a  reddish  color  and 
At  what  tempera-  Crystalline  texture.  It  fuses  at  a  lower 
What  do  several  tcmpcraturc  than  Pb  (lead).     Several  fu- 

fusible        alloys      ^    ^ 

contain?  siblo  alloys  coutaiii  it. 

What  is  the  Latiii    Copper  (Latiu  Cuprum).     Equivalent 

word  for  copper  ?  -^-^  \  x  /  zi 

Give  its  symbol.  32.     Symbol  Cu. 

Its  equivalent.  ^ 

Cu  and  Ti. (titanium)  are  the  only  red 
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For  what  is  cop-  metals.     Cu  is  distinguished  for  having 

per    distinguish-  .  n       i  -i- 

ed'  the  three  properties,  malleabihty,  auctui- 

with  what  class  ty,  and  tenacity.     It  will  unite  readily 

of  bodies  will  it  .  -    ,  „  ,       ,         .  ,        „ 

readily  unite  ?      With  aiiy  01  the  well-markcd  acids,  lorm- 
what  of  the  com-  iiig  compouiids  wliicli  are  deadly  poisons. 

pounds  formed  ?     .,_  -x      i         i  i  j.   l.  i    r  i  ■ 

Why  should  cook-  Hencc  it  should  not  be  used  lor  cooking 

ing  utensils  .,..,.        ,         •in       /    •     \ 

made  of  copper  be  utensils  uiitil  it  IS  lined  With  bn  (tin)  or 

lined  with  tin  ?  ,  ^, 

some  other  non-corrosive  metal.  Vinegar 
What  is  formed  Standing  ui  coppcr  vcsscls  corrodes  the 
allowed  to  stand  metal,  and  the  solution  (acetate  of  copper) 

in    copper    ves-  .  .  u  c 

sals  ?  IS  highly  poisonous.     Brass  is  an  alloy  oi 

What  is  the  com-  n      j    i  j 

position  of  brass?  Zu  (zinc)  and  Cu.     Bronze  and  bell-met- 

Of  bell-metal  and  ^  ' 

bronze!  ^/  are  composed  of  Cu,  Zn,  and  Sn  (tin). 

Give  the  Latin  for  tt-     7 

mercury.  Mercuni     (Latin    Hydrarfiryrum). 

What  is  its  equiv-  '^        \  -^  &^  / 

it'^s'Tmbon  Equivalent  203.      Symbol  Hg. 

in  what  particular       Hg  differs  from  all  other  metals  in  hav- 

does  it  differ  from    •  ,i         t         •  i     c 

all  other  metals  ?  in g  the  liquid  lorm  at  common  tempera- 
AVhat  is  it  com-  turcs.      It  is  commoiily  called  quicksil- 

monly  called  ]  .    .  _    .       .  ,      . 

What  are  its  vcr,  and  IS  uscd  111  barometcrs  and  ther- 
mometers. It  is  also  used,  when  amalga- 
mated with  Sn  (tin),  for  coating  the  back 

What  compounds  of  miiTors.     Hg  uiiites  with  0,  forming 

o?  two  distinct  compounds,  HgO  (protoxide 

of  mercury)  and  HgO^  (peroxide).     The 

What  is  the  color  former  compound  is  a  hlack,  and  the  lat- 
ter a  red  powder.  Red  Precipitate  is 
HgO-  (peroxide  of  mercury).     This  cu- 

What  of  its  com-  rious   metal  also   forms  two  compounds 

pounds         with  i  i      •  i 

chlorine?  With  CI,  the  HgCl  (protochlonde  of  mer- 
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cury — calomel)  and  HgCP  (bichloride — 
corrosive  sublimate).     It  unites  with  I 

With  iodine?  (iodine)  in  two  proportions  also,  Hgl  (pro- 
toiodide  of  mercury)  and  HgP  (biniodide). 

For  what  is  the  This  latter  compouud  is  distinguished  for 

biniodide  distin-    .,       n     .n-  .,.  ^  , c~<  t-i 

guished?  its  brilliant  vermilion  color,     (bee  iiixp. 

What  of  its  com-  11,  page  20.)     Its   compounds  with  Br 

pounds  with bro-  .  •       -i         j      j_i  r  t 

mine?  (brommc)  are  similar  to  those  oi  1. 

What  is  the  Latin     „.,  /-r      ,•        a  ,         \  -r-i        •7j 

word  for  silver  ?    hiLver  [uoXxYi  Argentiim).     hquivalent 

What  is  its  syin-  ^  _^  ^,         i     ,     , 

boi?  lUb.      i^ymbol  Ag. 

Its  equivalent  ? 

The  appearance  of  this  metal  is  well 
At  what  tempera-  knowii.     It  iiiclts  at  a  red  heat,  and,  com- 

ture  does  it  melt  ^-    -..-..-,         -,  .    ,  ^  ^ 

Combined    with  biucd  With  about  ciglit  per  cent,  of  Cu 

eight  per  cent,  of  .  .-  •  -i  >  • , 

copper,      what  (copper),  lorms  our  silvcr  coiu.     It  unites 

does  it  form  ?  •  ,     ^n     r  •         n  i      a     /^ 

How  many  com-  With  O,  forming  but  One  compound,  AgU 

pounds    does    it,  ,-t  c-        •^  \  i-n-  ni 

form  with  o?  (protoxidc  oi  silvcr),  wliicli  IS  a  dark 
The  oxide,  when  brown  powdcr.     This  oxide,  when  com- 

ammonia,  forms  biucd  witli  NH^  (ammonia),  forms  a  dan- 
with  what  other  gcrously  cxplosivc  body.     Ag  also  unites 

elements       does        ..i     n     -o       t  i    /-~ii 

sUver unite?  With  b,  Br,  1,  and  CI. 
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foryfd?^  ^^^  Gold  {^?iXv!xAurum).     Equivalent  199. 

Give   its  equiva-  ™         7     7     j 

lent.  bymbol  An. 

Also  its  symbol. 

AVhatissaidofits       Au,  witli  the  cxccption  of  Pt  (plati- 

density? 

num),  is  the  densest  of  all  the  metals,  but 
unite  with 'o?      it  has  feeble  affinities.     It  will  not  direct- 
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Why  will  it  not  Iv  unite  with  0,  and  hence  its  bright  yel- 

tarnish  when  ex-  .  ,  •    i       i   i 

posed  to  the  air?  low  color  IS  never  tarnished  by  exposure 
How  are  oxides  of  to  air,  Water,  or  heat.     Two  oxides  of  the 

the  metal  form-  .  .  .     , . 

ed?  metal,  however,  are  lormed  by  an  indirect 

process.     It  unites  readily  with  CI,  form- 

How  many  chio-  ing  two  compouuds,  whicli  are  AuCl  (pro- 
rides   have  been  i      a      i^n 

formed?  tochlonde  of  gold)  and  AuCr  (perchlo- 

ride). 

^lenl'^o^f'^Tat^    Platinum.     Equivalent  99.      Symbol 

num?  p^ 

Its  symbol?  -^  ^• 

Its  leading  proper-       Pt  is  the  hcavicst  of  the  uietals.     Au 
How  much  heavi-  (gold)   is   about   nineteen  times  heavier 

er  than  water  is    ^  ' 

„gow?  than  water,  and  Pt  is  twenty-one  times 

Platmum  ?  '  *; 

heavier  than  that  body.  It  is  the  most 
ductile,  and,  with  the  exception  of  Or 
(chromium),  it  is  the  most  infusible.     It 

Has  it  ever  been   TCSistS  tllC  hcat  of  tllC  lllOst  pOWCrful  fur- 
fused  by  the  heat  ,  ,  •         c,  i    c  i  • 

of  the  furnace?     uacc,  and  hcucc  IS  oltcn  used  lor  making 

crucibles  and  roasting  dishes.     It  can  only 

How  can  it  be  bc  mcltcd  by  tlio  oxyhydrogcu  blow-pipe, 

or  by  the  agency  of  electricity.     Pt  re- 

What  does  it  re-  scmblcs  silvcr  ill  appearaiicc,  and  com- 

ance?  buies  witli  0,  S,  and  I,  but,  like  Au  (gold), 

rectiy  wTh  o  ? ''  it  will  not  Unite  directly  with  0. 

What    are    the    Chromium.     Equivalent  29.     Symbol 

equivalent     and  ^  "^ 

symbol  of  chro-  z^,. 

mium?  ^'• 

Has^Tt^ever%'een       This  element  exists  in  the  form  of  a 

fused    or    acted  ,    i         tj_  i  j.  "l  r         3 

upon  by  acids?     gray  metal,     it  has  never  yet  been  fused 
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nor  corroded  by  the  strongest  acids,  in 

which  respects  it  differs  from   all   other 

Has  it  been  adapt-  mctals.    As  y  ct,  it  has  bceii  adapted  to  no 

ed  for  any  prac-  . 

ticaiuse?  practical  use. 

Tor'anumony''^''''  Antimomj   (Latin    stibium).     Equiva- 
'Vv'aitu  '"'  lent  129.     Symbol  Sb. 

Its  properties  ?  Sb  is  a  brittle,  though  valuable  metal. 

What  are  print-  It  lias  a  bluish-gray  color,  and  is  the  chief 
posed  of;  element  of  printing-types.     It  combines 

How  many  com-  with  0,  forming  four  distinct  compounds, 

pounds    does    it  f      ^  ■    ^  -i  i  i  i- 

form  with  o !      two  of  wliicli  are  oxides,  the  others  being 

acids.     Sb"0^  (sesquioxide  of  antimony) 

What  is  the  active  is  a  gray  powder,  and  is  the  active  princi- 

tar'emetic'?    ^^   pie  of  tartar  emetic,  that  compound  being 

a  double  tartrate  of  antimony  and  potassa 

Thneroxfdll  °'  (^Ko  '  I  C^H=0^^.     Sb03  is  a  heavy  pow- 

der,  resembling  the  preceding  in  proper- 
ties, with  the  exception  that  it  is  a  more 
deadly  poison.      SbO^  (antimonious  acid) 
Give    the    other  is  a  wliitc  powdcr,  iiisolublc  in  water,  and 

compounds.  .  .     _      .,  ,  _  .  •  i     i 

IS  very  infusible.  It  unites  with  bases, 
forming  salts  called  Antimonites.  SbO^ 
is  nearly  similar  in  properties  to  SbO*. 

lem  and  symbol  Arseuic.     Equivalent  16.     Symbol  As. 

of  arsenic. 

Its  chief  proper-       This  mctal  lias  a  light  gray  color,  is  of 
How  is  it  distin-  brittle  tcxturc^  and  when  burned  emits 

guished  from  all  up  n  i  •      i        •  •    i 

other  metals .'      the  siueil  of  garlic.     lliis  distiiiguishcs  it 
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from  all  other  metals.  If  entirely  pure, 
its  lustre  is  not  tarnished  by  exposure  to 
air,  unless  it  is  strongly  heated. 

Exp.  125.  Place  six  or  eight  grains  of 
As  (metallic  arsenic)  in  the  centre  of  a 
glass  tuhe,  and  apply  heat  by  means  of 
Give  Exp.  125  in  the  spirit-lamp.  The  smell  of  garlic  will 
soon  be  perceived  (which  should  not  be 
breathed  to  any  considerable  extent),  and 
the  metal  will  soon  be  dispersed  over  the 
upper  part  of  the  tube  in  the  form  of  a 
beautiful  black  mirror.     Hence  As  vola- 

Does    this   metal 

volatilize  by   tlllZOS   DV  heat, 

heat  ?  '' 

^lim  and  symboi  Arscmous  Acicl.    Equivalcnt  99.     Sym- 

acid.     "'■"""'"  bol  AsO\ 

What  is  it  com-       AsO^  is  comiTioiily  Called  Rat's  Bane 

monly  called  ?  ,i  •  t     •  i 

Its  properties?      or  Arsemc.     It  IS  a  heavy  white  powder, 

having  no  smell,  and  but  very  little  taste. 

For   what    pur-  It  is  a  deadly  poison,  and  is  often  used  for 

poses  has  it  been         .       .        ,  -r 

used  ?  criminal  purposes.     Its  antidote  is  Fe^O^, 

What  are  its  anti-  '        ^ 

dotes?  HO  (iron  rust),  or  the  white  of  eggs,  the 

latter  of  which  should  be  administered 
freely. 

Exp.  126.  Take  a  glass  tube  one  foot 
in  length,  and  heat  one  end  of  it  in  the 

Give  Exp.  126  in  flame  of  a  spirit-lamp  ;  draw  it  to  a  point, 
which  hold  in  the  flame  until  the  orifice 
is  closed  by  fusion.  When  cool,  place  it 
in  an  upright  position,  and  introduce  two 
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or  three  grains  of  AsO^  (arscnious  acid). 
Drop  into  the  tube  a  slender  piece  of 
charcoal.  Hold  it  horizontally  in  the 
flame  until  the  coal  glows,  and  quickly 
transfer  the  heat  to  the  end  of  the  tube 
which  contains  the  AsO^  which  will  be 
volatihzed,  and,  passing  over  the  glowing 
coal,  will  release  its  0^,  and  the  As  will 
form  a  metallic  mirror  upon  the  sides  of 
Place  the  formula  the  tubc  just  abovc  the  coal.  Formula : 
teTupm/lli:  2As03:  3C=.-3C02;  2As. 

black-board. 

lent  and  symbol    Borou.     Equivalent  11.     Symbol  B. 

of  B. 

What  are  its  chief       Tliis  element  exists  in  the  form  of  an 
Where  is  it  ob-  olivc-colored  solid.      It  is  obtained  from 

tained .'  .  i-i-i 

How  combined?    tlic  hot  spriugs  01  Italy,  Combined  with 
In  this  form  what  Q.     In  tliis  fomi  it  is  Called  boracic  acid 

is  it  called  ? 

(BO^).     But  it  is  difficult  to  ascertain 

whether  this  compound  is  really  an  acid 

How  does  it  effect  or  an  alkali.     It  browns  turmeric  paper 

ids  and  alkalies?  Ijkc  ail  alkali,  and  reddens  litmus  Uke  an 

Does  it  combine  acid.      It  liowevcr  combines  with  NaO 

with  alkalies? 

(soda)  and  some  other  alkalies. 
For    what    eie-       The  element  B  has  no  affinity  for  H,  I, 

ments  has  it  no 

affinity?  Br,  or  CI. 

The  following  is  a  list  of  rare  and  generally  unimpor- 
tant elements,  whose  properties  are  not  well  known : 
Iridium,  Lanthanium,  Lithium,  Molybdenum,  Osmium, 
Palladium,  Rhodium,  Ruthenium,  Tantalum,  Tellurium, 
Thorium,  Titanium,  Tungsten,  Uranium,  Vanadium, 
Yttrium,  Zirconium,  Terbium,  Pelopium,  Norium,  Di- 
dymium,  Glucinum,  Niobium,  Ilmenium,  Erbium,  Do- 
narium,  Aridium,  and  Cerium. 
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Acids. — Bases. — Salts. 

What  are  acids  ?        AciDS  are  bodies  which  usually  have  a 

sour  taste,  and  change  vegetable  blues  to 

Do  all  acids  pos-  red.     Soine  acids,  however,  do  not  pos- 

erues?^'^*''  ^^°^    sess  tlicso  properties.     They  all  have  the 

What  property  do  ,         c  ^      t    •  ii      l-  l     xl 

they  all  possess  ?  property  01  neutralizing  alkalies  and  other 

bases. 
What  are  bases  ?        Bascs  are  bodics  whicli  have  an  attrac- 
What  effect  have  tioii  for  acids,  and,  when  alkaline,  change 

Lbfe'buies  .'^'^^'^'  Vegetable  blues  to  green,  also  red  test-pa- 
What   do   acids  pcr  to  bluc.     Acids  and  bases  unite  and 

and  bases  form  ?    .  i  c       i ,  t 

lorm  a  numerous  class  oi  salts,  according 

to    the   commonly-received  theory   upon 

What  more  sim-  this  subjcct.     The  morc  simple  theory,  by 

en?  which  all  the  phenomena  of  the  formation 

of  salts  are  explained,  is  to  consider  the 

subject  in  the  hght  of  radicals  and  metals 

Give  the  example,  instead  of  acids  and  bases.    Example  :  CI 

What  does  €1  and  i     tvt  •  j  i      r  ^, 

Na  stand  for?      and   JNa  uuitc    and  lorm  common  salt, 
original  type  of  wliicli  was  the  Original  type  of  all  the 

ail  ilie  salts  ?  a  */  1 

How  is  CI  re-  salts.    As  CI  is  regarded  as  a  simple  body, 
What  is  formed  wc  shall  cousider  it  as  a  simple  salt  rad- 

when      chlorine   '•       »        i  ■    i  i         -i  i  j.  •  x      j.      -xi 

and  sodium  are  ictt/,  wluch,  whcu  brouglit  in  contact  With 
tact  3  the  metal  Na,  \h.Q  salt  is  formed.     Some- 


118  FIRST    PRINCIPLES    OF    CHEMISTRY. 

Is  the  salt  radical  timcs   the   Salt  radical   is  a  compound. 

ever  a  compound  /tvt/-(9  \    •• 

body?  Jjixample  :  Cy  (JNC'^,  cyanogen)  is  a  com- 

Give  an  example.  i  n      i  \  •  i  i  ■       i        /^ 

pound  body,  and  is  a  salt  radical ;  Cy  and 
the  metal  K  unite  and  form  the  salt  KCy 
What  is  said  of  (cyanidc  of  potassium).    Again:  NO^, HO 
(nitric  acid)  is  now  regarded  as  a  hydro- 
gen acid,  having  the  formula  NO^,  H. 
What  takes  place  Hcnce,  whcu  uitric  acid  combines  with  a 
combines  with  a  metal  and  a  salt  results,  the  hydrogen  of 
the  acid  is  simply  displaced  by  the  metal. 
Give  the  formula  NO^  H ;  K  =  K,  'NO'  ]  H.     H^rc  the  H  is 
decomposition,     liberated,  and  the  K  (potassium),  united 
with  the  compound  radical  NO^,  forms 
the  salt,  whose  formula  is  usually  given 
What  is  the  for-  as  KO,  NO^.     SO^,  HO  (sulphuric  acid) 

mula  of  the  salt  ?    .  „  i       m        i    j      i  t       i 

Is  sulphuric  acid  IS  uow  generally  admitted  to  be  a  hydro- 

now  regarded  as 

an  oxygen  acid  ?   geu  acid,  as  it  Dosscsscs  uo  acid  proDcr- 

Why  is  it  consid-      .  .  ■"•  . 

ered  a  hydrogen  tics  without  the  prcsencc  of  tliis  element. 
SO^  was  formerly  regarded  as  an  oxygen 
acid,  and  SO^,  HO  as  a  hydrate  of  this 
If  it  is  a  hydrogen  acid ;  but,  regarding  it  as  a  hydrogen  acid, 
be  it's  formula  ?  wc  sliall  havc  the  formula  SO*,  H  ;  Fe  = 
ifiron  be  brought  Fe,  SO*;  H.     Here  the  metal  Fe  (iron) 

in   contact  with     t       i  ,i         tt  t    ii  ij     •       c  i 

so*,  H,  what  foi-  displaces  the  H,  and  the  salt  is  formed. 
Why  do  some  au-  Some  Amcricaii   authors    object  to   this 

ttiors    object    to      .  .  ^       -\        •         c 

this  view  as  the  Simple  vicw  as  the  basis  of  a  system,  be- 

basis   of  a   sys-  ^ 

tem  ?  cause  so*  has  never  been  isolated  ;  but  it 

will  be  remembered  that  the  same  objec- 

How  do  they  re-  tion  will  apply  to  the  compound  NO^, 
which,  the  same  authors  contend,  exists. 
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Are  both   these  Both  these  bodies  are  hypothetical.     It       -* 
ican  ^   ^^°  "^  may  he  added  tliat  there  is  no  well-mark- 
marked  acid  that  ed  acid  that  does  not  contain  H  (hydro- 
does  not  contain  .  „     -n/-^>;     /-<   /at 

hydrogen?  srcn).     Drv  bO  ,  PO  ,  CrO'^,  and  several 

What  is   said  of    °       '  J  '  '  ' 

dry  so3,^  P05,  other  oxygen  compounds,  have  no   acid 

properties.     CO^  (carbonic  acid),  though 

Has  002  the  pow-  commouly  called   an   acid,  has  not  the 

er  of  neutralizing  .  ^  ii      t  t 

the  alkalies?       powcr  01  ucutralizmg  the  alkalies.     In- 
Do   those    com-  deed,  none  of  those  compounds  which  were 

pounds       which    ,.  n  n     i  •  i 

were     formerly  formerly  callcd  oxygeu  acids  possess  posi- 

caUed  oxygen  ac-  -.1         x   xi 

ids  possess  acid  tivo  acid  propcrtics  without  the  presence 

properties   when 

hydrogen  is   not   of  livdrogen. 

present  ?  *'  '-' 

What  is  Professor       Profcssor  Gregory,  of  Edinburgh,  gives 
tionofasait?      the  following  definition  of  a  salt:  "  It  is 
the  compound  formed  by  replacing  the 
hydrogen  of  an  acid  by  a  metal." 

Sulphates. 
When  salts  con-       Sometimcs  salts  contain  two  equiva- 

tain  two  equiva-  f      i  ■  i  t       i  i 

lents  of  the  acid  leuts  of  tlic   acid  or  radical,  when  they 

or  radical,  what  _  _  "^ 

prefix  is  used?  havc  tlic  prefix  bi- ;  as,  bisulphate  of  po- 
tassa.  Neutral  sulphate  of  potassa  has 
the  formula  K,  SO^,  or,  according  to  the  old 
theory,  KO,  SO^. 

Exp.  127.  To  a  saturated  solution  of 

Give  Exp.  127  in  carbouatc  of  potassa  add  sulphuric  acid 

till  effervescence  ceases.      Carbonate  of 

The  formula  iuus-  potassa  =  KO,  CO^,  or  K,  CO^.     Sulphuric 

change.  °'  '"'  acid=  S0^  HO,  or  SOS  H.     K,C03;  SOS 

H  =  K,  SO*;   C02;   HO.     K,   SO*  (sul- 
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How    does    sui-  phate  of  potassa)  crystallizes  in  six-sided 

phate  of  potassa         .  i  •    i 

crystallize?         prisms,  whrou  contaiii  no  water. 
What  is  the  for-       Fc,  SO*,  or  FeO,  SO^  (sulphate  of  iron). 

mula  for  sulphate  c  ,i  •  i.   •      >-« 

of  iron?  The  common  name  oi  this  salt  is  (Jopper- 

For  what  is  this  as.     It  is  mucli  used  by  ink-makers  and 

dyers.     (See  Exp.  99,  page  88.) 
What  is  the  for-       Na,  SO*,  or  NaO,  SO^  (G-lauber's  salt), 

mula     of    Glau-  ...  ,.,       -tr    nrxt    -i      i   ji 

ber's  salt  ?  crystallizes  like  K,  SO  ,  but  the  prisms  are 

In  what  form  are  . 

its  crystals?        mucli  larger,  and  contain  ten  atoms  ot 

water  of  crystallization.    • 
Give  the  formula       Ba,  SO*,  or  BaO,  SO^  (sulpliatc  of  ha- 

of    sulphate     of  .  .  . 

baryta.  I'yta),  usually  occurs  in  nature  as  large 

Is  it  soluble  in  the  tabular  crystals.     This  salt  is  not  soluble 

acids  ?  ....  .  -,     , 

Is  it  soluble  in  wa-  m  tlic  acids  iior  lu  Water.     It  has  no  wa- 


ter? 


ter  of  crystallization. 


What  is  the  for-  Ca,  SO*,  2H0,  or  CaO,  S0^  2H0  (sul- 

mula  for  sulphate  .                 ...         ,          _.,  .            .      , 

of  lime?  phate  01  lime).     This  salt  has  a  variety 

Has  this  salt  more  t     ■      c          i           •         •        i 

than  one  form  ?  of  forms.     It  IS  fouud  uativc  lu  the  Mam- 


Where  is  it  found  ? 


moth  Cave,  Kentucky,  and  in  many  other 
What  are  seienite,  parts  of  the  WO  rid.  Selcnitc,  gypsum, 
baster?'  and   alabaster   are  different  forms   of  it. 

How  is  plaster  of  Piaster  of  Paris  is  obtained  by  deijriving 

Paris  obtained  ?        .  i         ^  • 

the  salt  of  its  water. 
Give  the  formula       AP,  3S0*,  or  APO^,  3S0^  (sulphatc  of 

of    sulphate     of  .        . 

alumina.  alumina),  has  never  yet  been  made  to 

Will      this      salt  /  .... 

crystallize  1  Crystallize  until  it  is  combmed  with  some 
other  salt.  It  is  one  of  the  salts  which 
unite  to  form  alum,  the  other  being  K, 

What  is  the  com-  SO*  (sulpliatc  of  potassa).     Aluui,  then, 

position  of  alum?    .  i       i  i  i,  i      j-        i    i     4.        f 

is  a  double  salt,  composed  oi  sulphate  oi 
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alumina  and  sulphate  of  potassa.     (See 
Exp.  8,  page  18.) 

Give  the  formula  Mg,    SO^    HO,  Or   MgO,    SO^   HO    (sul- 

of    sulphate     of       ,       .  ^  •     \      •  i  ii     i 

magnesia.  phatc  oi  magncsia),  IS  commonly  called 

What  is  its  com-  Epsom  salts.     It  may  be  readily  formed 

mon  name  ?  -,.,.  ,  ,c  ■      •       t 

How  may  this  salt  bv  dissolviHg  carbouate  ol  magnesia  m  di- 

be  formed!  "^  ,    i         •  -it  i 

The  shape  of  its  lutc  sulpliurio  acid.     Its  crystals  are  four- 

crystals?  •  i     i 

Sided  prisms. 
What  general  ob-       The  sulphates  are  a  numerous  family 

servatlon  '^       <•       i         i 

made  in  refer-  Of  salts,  but  most  of  them  do  not  occur  m 

ence  to  the  sul- 
phates! nature,  and  as  yet  are  of  little  use. 


LESSON  XXIX. 
Nitrates. 

iiow  may  the  ni-       The  nitrates,  like  the  sulphates,  may 

trates  be  formed  ?  ^        .  ^  ,  .  '  -     ^^ 

be  obtained  by  the  action  of  NO^,  H,  or 

NO^,  HO  (nitric  acid),  on  the  metals  or 

Are  nitrates  insoi-  metallic  oxidcs.     All  uitratcs  are  soluble 

uble  in  water? 

What  effect  is  pro-  in  watcr,  and  are  decomposed  at  a  red 

duced    on    these    ,  .  i  c     i  • 

salts  when  they  hcat.      ilie  most  important  salt  oi  this 

are  exposed  to  a  ,       ,_       T^.^  -tj-^    -»t^c 

red  heat  ?  family  is  the  K,  NO^  or  KO,  NO^  (nitrate 

Which  is  the  most  ''  / 

important  salt  of  of  potassa).     Its  commou  name  is  Salt- 

this  family ;  ^  ' 

What  is  its  com-    petre.     It  is  found  abundantly  in  nature 

mon  name !  -^  *' 

^und?    ^^     ''  ^^  crystals,  but  most  commonly  mixed 

'puref^"^''''""'^  with   soil.  Called  Nitre-beds.     It  is  the 

Of  what  is  it  the  cliicf  ingrcdlcnt  of  gunpowder  (see  Exp. 

70,  page  71),  and,  mixed  with  sulphur  and 

F 
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How  is  fuimiiiat-  carboiiate  of  potassa,  a  compound  <.fllled 

ing  powder  form- 

ed?  Fulminating  Powder  is  formed. 

Exp.  128.  Mix  thoroughly  in  a  mortar 

six  parts  of  K,  NO^  (nitrate  of  potassa); 
Give  Exp.  128.      foui  of  K,  CO^,  or  KO,  CO^  (carbonate  ol 

potassa),  and  two  of  sulphur.     Place  i 
If  a  grain  of  the  grain  of  the  mixture  upon  a  slip  of  cop' 

mixture    be    im-  ••in 

inersed   in   tiie  per,  aiiQ  immersc  it  in  the  name  of  the 

flame  of  a  spirit- 
lamp,^  what  foi-  spirit-lamp.     A  loud  report  will  take  place. 

What  is  the  for-       Na,  NO*^,  or  NaO,  NO^  (nitrate  of  soda), 

of  soda?  is  found  native  in  the  East  Indies  and  in 

What  of  its  prop-  Peru.     Its  properties  are  very  similar  to 

erties?  ^       ^  .  '' 

K,  NO^,  only  that  it  burns  more  slowly 
when  mixed  with  charcoal. 

NH^N,  0^  or  0^N"H3  (nitrate  of  am- 

What  is  the  for-  _  '  '  '' 

muia  of  nitrate  of  mouia),  lias   already  been  described  on 

ammonia  %  "  •' 

page  63. 
Give  the  formida       Ba,  NO^,  or  BaO,  NO^  (nitrate  of  bary- 

of  nitrate  of  ba-  .  .  i  •       i 

ryta.  ta),  is  chiefly  used  as  a  chemical  test,  and 

For    what    is    it         "  "^  ' 

chiefly  used?       whcu  cxposcd  to  a  Tcd  heat,  the  Ba  re- 

When  exposed  to  >■  ' 

resuft  *"''''' tikes   ^^^'^^    °"®    ^^^"^   °^  ^'    ^^"^   ^^^   ^^   drivCU 
place?  off  ij^  l-l^e  fo^j^  of  ^  .    Q^. 

^^aifnurate^of  ^^^  ^^^  or  SrO,  NO^  (uitratc  of  stron- 
Fo*r°"whS'is  it  tium).  This  salt  is  used  extensively  in 
mal  color  does  it  "the  manufacture  of  fire- works.  It  im- 
G^^e^he^fOTmiSa  parts  a  brilliant  crimson  flame. 

of  nitrate  of  cop-  ^^^  ^Qg^  gjjQ^  ^^  ^^q^  ^.q5^  SJJQ  (ni- 

What  is  the  form    ,       ,  r  \     •       c  i    •         i  i  i 

and  color  of  this  tiatc  of  coppcr),  IS  lormcd  in  deep  blue 
What  does  it  yield  crystals,  which,  Avlieii  hcatcd  to  redness, 

when   heated  to  .  ,         ^ 

redness?  yield  protoxide  of  copper. 


CHLORATES.  123 

What  is  the  com-       The  Composition  of  nitrate  of  mercury 

trate  of  mercury?    Is  not  Well  established. 

The  formula  of  ni-       Ag,  NO^,  or  AgO,  NO^  (nitrate  of  sil- 

trate  of  silver  ?  ,  ...  ,  , 

For  what  is  it  vcr,  or  lunar  caustic),  is  used  to  eschar 

used?  1  •  1  T      • 

the  skin  and  to  destroy  tumors.  It  is 
Of  what  is  it  the  also  tlic  activc  principle  of  indelible  ink. 
What  takes  place  All   compouiids  of  silvcr  are  blackened 

with  all  the  com- 
pounds or  silver  when  exposed  to  light  in  contact  with  or- 

when  exposed  to  ^  ° 

■'§*»'•  ,    ganic  substances.     This  salt  crystallizes 

How  does  this  salt    °  •' 

When^^ustd  and  ^^^  ^^^^^^  tables,  aiid,  wlicu  fuscd  and  run 
whaus°it™iild^?  "^*°  moulds,  is  called  lunar  caustic. 

Chlorates. 
This  class  of  salts  is  similar  to  the  ni- 
which  are  the  im-  tratcs,  but  the  Only  important  ones  are 

portant  salts  con- 
nected with  the  chlorate  of  potassa  and  chlorate  of  baryta. 

chlorates  ?  ^ 

Give  the  symbols       K,  CW,  or  KO,  ClO^  (chloratc  of  potas- 
tassa.  sa).     It  crystallizes  in  six  and  four  sided 

How  does  it  crys-  i     n  i      • 

taiiize?  tables,  and  is  soluble  in  ^xteen  times  its 

How  much  water 

is  required  to  dis-  wcidit  of  watcr.     It  fuscs  at  500°  Fah- 

solve  It  ?  '-' 

^ture'doesTfusT?  ^^nlieit,  aiid,  when  the  temperature  is  in- 
lahe  temperature  crcased,  purc  0  is  liberated.     See  page  41. 
what  follows  ?  '       j^^p  ]^29.  Place  in  a  mortar  two  grains 
of  sulphur  and  six  of  K,  010*^  (chlorate  of 
potassa) ;  pulverize  them  thoroughly  to- 
gether with  a  pressure  not  exceeding  ten 
What  is  Exp.  129?  pounds.     CoUect  the  wholc  iuto  a  conical 
pile,  upon  a  smooth  stone  or  other  hard 
surface,  and  strike  the  mass  with  a  ham- 
mer.    A  deafening  report  will  follow. 
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Give  Exp.  130  in  Exp.  130.  Cover  a  piece  of  P  (phos- 
phorus), of  the  size  of  a  radish-seed,  with 
pulverized  K,  ClO^,  and  strike  the  mass 
forcibly,  as  in  Exp.  129.  Another  loud  re- 
port will  ensue.     K,  ClO^  is  one  of  the  ac- 

of  wiat  is  chio-  tivc  principles  of  percussion  powder,  also 

rate    of  potassa       i,  ,        . ,.  ,  Ti-i  ii 

an  active  princi-  oi  luciier  matchcs.     it  IS  decomposcd  by 
How  may  it  be  de-  some  of  the  strouffer  acids. 

composed?  . 

Exjj.  131.  Fill  a  wine-glass  with  hot 
water,  in  which  place  five  grains  of  P  and 
ten  of  K,  ClO^.  Now  bring  in  contact 
Gire  Exp.  131.  with  the  Hiass,  by  means  of  the  dropping- 
tube,  some  strong  sulphuric  acid.  The 
P  will  burn  under  water.  The  salt  is  de- 
composed, and  its  0  liberated,  which  pro- 
duces the  combustion. 

It  was  once  attempted  to  use  this  salt 

What  was  the  re-  instead  of  nitre  in  the  formation  of  gun- 
suit  of  attempt-  i         i      ,  ^         •    •  ,^ 

ing  to  use  this  powdcr,  Dut,  OH  pulvcriziug  the  mass,  it 

salt  in  the  forma-  ,     ,     ,  , .  .  , 

tion  of  gunpow-  exploded,  spreading  destruction  far  and 
wide. 

Exp.  132.  Place  ten  drops  of  HCl  (hy- 

WhatisExp.1321  drocliloric  acid)  and  ten  grains  of  this  salt 

in  a  pint  of  rain  water.     The  solution  has 

What  is  the  for-  marked  bleaching  properties. 

Xr?af°''''       Ba,  C10^  or  BaO,  ClO^  (chlorate  of  ba- 

^crystais?  ""^ ''^  ryta),  crystalhzcs  in  four-sidcd  prisms,  and 

wat'eT  i^'lt'^soii-  is  solublc  in  about  four  times  its  weight 

For  what  is  this  of  cold  Water.     This  salt  is  sometimes 

used?  °'"'^""^^  used  for  obtaining  CIO*  (chlorous  acid). 
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LESSON  XXX. 
Phosphates. 

What  is  the  term       PO^  (p^ge  46)  is  Called  pliosphoric  acid, 

commonly       ap-  ji  •      •      ,^        i  i  i-     i 

plied  to  the  for-  as  this  IS  the  term  commonly  applied  to 

mulaPOs?  -nil 

this  compound.     It  will  be  remembered, 

Boes  this  com-  llOWCVer,  that  PO*^  possesses  no  acid  prop- 
acid  properties  ?  erties  until  it  has  combined  with  an  atom 
When  acting  as  of  HO,  wlien  its  probable  composition  is 

an  acid,  what  is    -p,^^-     tt  a        i  n  i  i 

its  probable  com-  tKj^,  li.     Authors  generally  take  the  po- 

posltion?  TA-  1       1  r- 

What  position  do  sitioii  that  there  are  dinerent  hydrates  of 

authors  general- 
ly take  in  refer-  PQ^  but  as  thcsc  liydratcs  require  a  differ- 
ence to  the  difTor-  •"  •'  '■ 

ent    compoumis  gj^^  amount  of  basc,  it  would  seem  more 

of  P,  O,  and  II  ?  ' 

^equinTthe'^same  natural  to  considcr  cach  as  a  distinct 
amoumo/b:^"'  acid.     The   so  called  hydrates  are  P0^ 

Give  the  formula  HO  ;  PO^,  2H0  ;  and  P0^  3H0.  The 
hydrates.  acids  are  probably  PO'^,  H  ;  PO",  H" :  and 

What  is  the  prob-  -^  .  "^ 

able  composition  PO^,  H^.     It  wiU  bc  remembered  that  all 

of  the  acids  •  . 

How  do  all  hydro-  hydrogcii  acids  form  salts  by  replacing  the 
salts?  hydrogen  with  a  metal.     If  there  be  but 

If  there  be  but  one  c  i       i  •       ji  •  i    i      j, 

atom  of  hydrogen  oiic  atom  ot  liydrogcn  ill  the  acid,  but  one 

in  the  acid,  how  i        -n  i  •       i 

much  of  the  met-  atom  of  metal  Will  be  required  to  form  a 

al    will    be    re- 
quired to   form  neutral  salt,  that  is,  a  salt  which  has  nei- 

the  salt  ?  '  ' 

What  is  under-  j^q^  ^cid  uor  alkaline  properties.     If  the 

stood  by  a  neu-  i       J 

trai  salt?  g^^j^j  Contains  two  or  three  atoms  of  hydro- 

gen, two  or  three  atoms  of  the  metal  will 
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What  is  the  acid  be  required  to  form  the  salt.     An  acid 

called  which  has 

but  one  atom  of  contaiiiinsf  one  atom  of  hydrogen  is  called 

hydrogen  ?  _'^  .     . 

If  it  contains  two  monobasic,  ono  containino^  two  atoms  bi- 

atoms,  what  ?  _  .  _     _ 

If  three  atoms?  basic,  and  ouc  Containing  three  atoms 
tribasic.  PO'^H  is  a  monobasic  acid, 
PO'H-  a  bibasic  acid,  and  PO^H^  a  tri- 
basic  acid.  Then  we  shall  have  of  the 
phosphates  of  soda, 

Give    the    mono-   ^  '■ 

basic,       bibasic,       Monobasic  Acid.  Bibasic  Acid.  Tribasic  Acid. 

S^phatcf  of       Na,  P0«.         2Na,  PO'.       3Na,  PO^ 

soda. 

Who  first  suggest-  LicbisT  first  suofcrested  this  theory,  which 

ed  this  theory  ?       .  ?  i  in  •     •     '      ^ 

has  since   been   gradually  gainmg  lavor 

with  the  progressive  chemists  of  the  age, 

How  is  it  now  re-  until  it  is  regarded  as  an  essential  part  of 

garded  ?  °  '■ 


the  science. 


Chromates. 


Give  the  formula       KO,  2CrO^  (bichromate  of  potassa)  is  a 

of  bichromate  of  -r    ^  i  it  ^   ■    i       • 

potassa.  beautiful   red   crystalline  salt,  which  is 

What  are  its  color 

and  properties  ?    easily  solublc  ill  Water,  and  is  used  ex- 

For    what    is    it  •'  ' 

"■**='^  •  tensively  in  calico  printing.     Its  solutions 

What  effect  do  its  should  not  bc  brouglit  in  contact  with  the 

solutions        pro-  .,  .        -..      ^       .  -ni 

duce   upon  the  sKiu,  othcrwisc  lingering  sores  will  be  pro- 

slvin?  o  o  I 

duced. 
What  is  the  for-       PbO,  CrO^  (cliromate  of  lead)  is  a  pow- 

mulaof  chromate     -  ,.,.  ,iii-  ii 

of  lead?  der  which  is  not  soluble  m  water,  and  has 

a  fine  yellow  color.     It  is  commonly  call- 

what  is  it  com-  cd  Chromc  Yelloio.     (See  Exp.  9,  page 

monly  called  ?         ->  r\  \ 
Give  the  formula    Lv.) 

lead.  2PbO,  CrO^  (dicliromate   of  lead)  is 
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What  is  t  com-  commonly  called  Red  Lead,  and  is  thus 
Where  is  it  found,  found  ill  nature.     Its  form  is  crystalline, 

and  what  is  its  . 

use?  and  it  IS  used  extensively  as  a  pamt. 

Borates. 
What  is  the  for-       NaO,  2B0^  (biborate  of  soda — borax) 

mula  of  biborate    .        ,  ,       .  ,         r  l^        ^ 

of  soda?  IS  the  only  important  salt  oi  the  borates. 

Of  what  is  it  the  ''  * 

only    important  it  IS  uscd  as  a  ilux  lor  weldinsf  and  sol- 

salt  ?  .  ° 

What  are  its  im-  clerinfj,  on  accouut  of  its  solvent  power 

portant  uses  t  <~"  ^ 

Why?  when  heated  to  redness. 


Carbonates. 
Should  002  and       CO^  (carbonic  acid)  and  BO^  (boracic 

B03     be     called  .  iv  ,  n  i  ,i    \ 

acids?  acid)  ought  not  really  to  be  called  acids, 

Why  not?  as  neither  has  power  to  neutralize  the  al- 

wiii  two  equiv-  kalies.     Evcii  two  equivalents  of  CO'-^  or 

alents    of  either    _-,^^„  c  -it r\  t  \     r  ii      t 

of  these  bodies  BO^  to  oue  of  KO  (potassa),  form  alkaline 

neutralize  the  al-  \i  '  ^ 

kaiine  properties  salts.     E.  ST- '  KO,  2C0^  (bicarbonate  of 

of  potassa?  '-'  ^ 

potassa)  possesses  nearly  as  strong  alka- 
line properties  as  the   KO  did  before  it 
was  united  with  the  2C0^. 
Give  the  formula       KO,  CO^  (carbonatc  of  potassa).     This 

of  carbonate   of  i        -ii  ii-  ■>  •  i 

potassa.  comioound  Will  not  crystallize,  and  is  used 

For    what    is    it    .         ^.  .       "^ 

used?  in  mineral  analysis  as  a  flux. 

What  is  the  for-       KO,  2C0^  +  2  aq.*  (bicarbonatc  of  po- 

mulaofbicarbon-  .  ,  •      i      i  n-  i     i 

ate  of  potassa?     tassa).     Ihis  body  crystallizes,  and  does 

lias  this  salt  any 

water  of  crystal-  not  deliqucscet  Oil  cxposure  to  air. 

lization  ?  ^  ^ 

Does  it  deliquesce 

when  exposed  to  *  ^q   ii;ieans  water,  and  when  used  in  connection 

air?  ^        . 

What  is  the  mean-  ^''•^  salts,  it  denote!?  the  water  of  crystallization, 

ing  of  deliquesce?  f  Deliquesce  means  to  melt  or  turn  to  liquid.     Ef- 
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Give  the  two  for-       Na,  00^  + 10  aq.,  oi  NaO,  CO- +  10  an. 

mulas  of  carbon- 
ate of  soda,  (carbonate  of  soda),  is  a  body  which  crys- 

talhzes,  and,  when  exposed  to  air,  under- 

Does  this  salt  ef-  socs  efflorcscence.     Soap  and  fflass  mak- 

floresce?  °  .       .        ,  ... 

For  what  is  it  ers  USG  it  m  large  quantities,  as  it  an- 
swers nearly  the  same  purpose  as  KO  (po- 

why?  "  tassa),  and  is  much  cheaper. 

Exp.  133.  Add  an  ounce  of  Na,  CO^ 

What  is  Exp.  133?  (carbouatc  of  .soda)  to  a  washing-tub  full 
of  hard  water.     It  will  be  rendered  soft. 

What  is  the  for-       Na,  2C0'^ -{- Q.(\.  {bicarbonatc  of  soda). 

mula  of  bicarbon- 
ate of  eoda?        This  is  aiiothcr  alkaline  salt,  which  exists 

Its  properties  ?         _ 

in  the  form  of  a  white  powder.     It  furms 
the  efiervescing  property  of  Seidlitz  pow- 
ders. 
What  is  the  for-       2NH^,  3C0",  2H0  (sesquicarbonatc  of 

muIa   of  sesqui- 

carbonateofam-  ammoiiin)    is    a    hard,    crystalline    salt, 

monia?  '  ^  J 

which  gives  off  the  strong  smell  of  ammo- 
Does  it  effloresce  nia.     It  cffloresces  in  the   air  by  losing; 

in  air?  .  t  rT 

What  is  tiie  pow-  ammoiiia.     The  powder  is  a  NH^,  2C0^ 

der  formed  ?  /n  •         t 

(bicarbonate). 
Give  the  formula       CaO,  CO"  (carbouatc  of  lime)  exists  in 

of  carbonate   of  .  ■>         r-  c      i      i         t 

lime.  nature  in  the  form  of  chalk,  limestone, 

IIow  is  it  found  in 

nature?  and  calcareous  spar.     Oyster  and  other 

What  is  said  of  shcUs  are  chiefly  composed  of  it.     Spring 

spring  water  in  .  i-  ,  t 

reference  to  this  watcr,  whcu  passmg  ovcr  limcstonc,  dis- 
solves small  portions  of  it,  and  if  brought 

What  is  the  mean-   floresce  means  to  pass  into  a  fine  powder  or  dust, 
effloresce?  ^^^     Eflervescc  signifies  to  bubble  ;  effervescence  is  a  bub- 
bling. 
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in  contact  with  more  CO^  (carbonic  acid), 
the  CaO,  CO^  is  dissolved,  which  renders 
the  water  hard.  (See  Exp.  133,  page 
128).  The  soda  unites  with  the  excess 
Why  will   soda  of  CO^,  and  the  CaO,  CO^  is  precipitated, 

render  hard  wa- 
ter soft?  wlien  the  water  is  rendered  soft. 

What  is  the  for-      Pb,  CO^,  or  PbO,  CO^  (carbonatc  of  leacl), 

mula  of  carbon-    .  i   •        i        i      c    i         i  t 

ate  of  lead  ?         is  thc  commoii  wliite  lead  of  the  sliops.    it 

What  is  its  com-  _  '      _      _ 

monname!         jg  somctimes  found  ill  nature,  when  it  is 

When    found    in 

nature  what  is  it  called  Whitc-lead  Spar.     It  is  the  most 
What  of  its  pois-  deadly  of  all  the  poisonous  compounds  of 

onous       proper-  ''  ^  * 

ties?  lead.     If  pure  water  be  allowed  to  stand 

Should   water  be  ' 

allowed  to  stand  j^  Icadcn  vcssels  exposcd  to  air,  it  will  in 

in    leaden    ves-  i  ' 

*^^®-  a  short  time  contain  small  particles  of  the 

PbO,  CO'.  These  particles  often  prove 
destructive  to  health,  though  not  taken 
in  sufficient  quantity  to  produce  death. 

Should  pure  water  Hcuce    puro    Water    Conducted   through 

which     is     con-  .  ,  ^  .  , 

ducted    through  Icadcn  pipcs  sliould  not  be  taken  into  the 

leaden    pipes    be 

taken  into   the  stomach^    Should  tlic  Water  contain  por- 

stomach  ?  •  '■ 

If  the  water  con-  tions  of  otlicr  salts  before  coming  in  con- 
tained  salts    be-  ~ 

comac^wuh  the  ^^^^  with  tlic  Icad,  it  is  less  dangerous  to 

dangir'ousTusi  "sc  it.     There  are  many  other  salts,  which 

"■  are  unimportant  to  the  student,  which 

have  been  omitted  for  the  sake  of  brevity. 

F2 
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LESSON  XXXI. 

Fats  and  Alkalies. 
What  are  proxi-       COMPOUNDS  wliicli  exist  in  plaiits  and 

mate  principles  ?  .         ,  ^       c  i  n     i 

animals,  ready  lormed,  are  called  proxi- 
what    are    the  mate  principles.     Stearine  and  oleine,  the 

chief  ingredients      ^  .     ~  .  -,.       ,         (.        .         !/•, 

of  animal  fats?     cliiei  ingrcdients  oi  animal  lats,  are  prox- 

Are    they    proxi-    .  .       .    ,  pp., 

mate  principles?  imate  principles.  ^  These  two  bodies  may 

How  may  they  be  be    regarded   as    salts,   stearine  being  a 

stearate  of  oxide  of  glyceryle,  and  oleine 

an  oleate  of  the  same  base.     The  oxide 

What  is  the  sweet  of  glyccrylc  is  the  sweet  principle  of  all 

mai  fats  ana  oils?  animal   fats  and  oils.      AVhen  the  base 

What  becomes  of  KO  (potassa)  or  NaO  (soda)  is  brought  in 

the         glyceryle  ^^  '  .     ^  i         i    •  i 

when  potassa  or  coiitact    With   steariiie    and    oleme,    the 

soda   is   brought 

in  contact  with  weaker  base  oxide  gf  glyceryle  is  libera- 

stearine  and  ole-  _  ^     a  j  .1 

'""■  ted  by  single  elective   affinity,  and  the 

With    what    do  two  fat  acicls,   oleic   and   stearic,  unite 

stearic  and  oleic         •   n       i 

acids  unite  1        With  tlic  Dotassa  or  soda,  and  form  stear- 

What     do      they  "^ 

form?  ate  and  oleate  of  these  bases,  either  of 

Give  the  common 

name  of  the  com-    whicll  is  SOttD. 
pound.  ■* 


Soft  Soap. 

To  a  drachm 

unce  of  wat( 

a  chemical  flask ;  add  an  ounce  of  mutton 


Describe  the  ex-       Exp.  134.  To  a  drachm  of  caustic  po- 

periment  for  ma- 

king  soft  soap,     tassa  add  an  ounce  of  water  ;  transfer  to 
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tallow,  and  boil  for  half  an  hour.  Pour 
off  the  liquid  into  a  larger  vessel,  and  add 
soft  water  gradually  until  the  mass  as- 
sumes a  jelly-like  appearance.  It  is  soft 
soap. 
How  "is  hard  soap       Exp.  135.    Use   caustic   soda  in  the 

formed?  .  i        c  ^    i  i      ' 

What    alkali   is  above  lustoad  of  potassa,  and  hard  soap 

used  in  forming         _  ^ 

soft  soap  ?  will  be  formed.     Hence  soft  soap  is  a  po- 

In    forming   hard  *■  '■ 

soap!  tassa  soap,  and  hard  soap  a  soda  soap. 

How  may  soda       Exp.  136.  Dissolve  somc  soft  soap  in 

soap  be  obtained   .  ,  . 

from  soft  soap  ?  hot  Water,  and  add  some  table  salt.  The 
soap  will  rise  to  the  surface  in  a  condensed 
mass.     It  is  now  soda  soap.     This  process 

Why  is  this  pro-  is  rcsortcd  to  by  soap-makers  on  account 

cess  resorted  to  i  i        ■   i    i         i 

by  soap-maiiers ,'  of  its  clieapncss  whcu  Compared  with  hard 

soap  formed  directly  from  caustic  soda. 
From    what    is       Marseilles  soap  is  made  from  soda  and 

Marseilles    soap  i  t         •   t 

made?  olivc  ou.       When   colorcd  With  metallic 

oxides  and  perfumed,  it  is  called  Castile 

contain    which  soap.     Soaps  wliicli  impart  thick  lathers 

impart       strong  . 

lathers?  contaiii  cocoa-iiut  oil  as  an  ingredient. 

Bread-making-. 
What    are    the       Bread  Call  bo  made  from  flour,  which 

proximate    prin- 
ciples of  tlour  ?      contains    starch,    sugar,    and    vegetable 

fibrin.     These  compounds  are  proximate 

What  is  vegetable  principles,  aiid  the  latter  is   sometimes 

litirin  sometimes  n     i  rni  n  •        r  •         ^ 

called?  called  gluten.     The  flour  is  first  mixed 

What  is  first  done  ° 

with  the  flour?  with  Water  (dough),  when  yeast  or  leaven 
is  incorporated  with  it,  and  it  is  allowed 
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to  stand  in  a  warm  place  until  the  ma^ 

increases  considerably  in  bulk.     It  is  then 

What  next?         Subjected  to  heat  (baked),  and  the  prop- 
Do  the  properties  .  \  /  /  i       i 

of  the  flour  un-  ertics    of  tlic   flour   undergo    a   decided 

dergo    a    change  '-' 

by  being  baked  ?   chansfc.     Inthcproccss  of  fermentation 

In     the     process  ^  -T 

"vhatTaTfs'^sei  ("^ing),  CO"  (carbonic  acid)  is  liberated 
In  what  form?  ^^  Small  bubblcs,  whicli  cause  the  in- 
^ubbies^cause?^  crcased  sizc  of  the  loaf,  as  well  as  its  po- 
rous appearance  when  baked.  This  pro- 
This  process  is  ccss  is  Called  the  vinous  ferment.     It  is 

called  what?  n    ^        n  i  • 

What  proximate  the  sugar  of  tlic  flour  that  is  acted  on  by 

principle    of  the  ,  .    ,     . 

flour  is  acted  on  the  veast,  wliich  IS  convcrtcd  into  carbon- 

by  the  yeast  ?  . 

Into  wiiat  is  it  ic  acid  and  alcohol,  both  of  which  escape 

converted  ?  *■ 

Is    the     starch  in  baking.     The  starch  is  unchanged  dur- 

changed     during    .  -  •       .  ,  ^  , 

fermentation?      ing  fermentation,   but  the   sugar   and  a 

Does  any  part  of         "  ^       .  . 

the  fibrin  disap-  part  of  tlic  fibril!  disappear.     The  fibrin 

pear     with     the    '■  ..... 

,f"sar? .       .      and  sui2;ar  being  nutritive,  it  is  desirable 

Why  IS  It  desira-  O  o  ? 

bie  to  save  the  -|-q  gg^yg  them.     In   Order  to  accomplish 

feugar  and  fibrin  ?  r_^ 

^ecl  'be^  accom-  "^^^^^  objcct,  bread  is  raised  by  means  of 
pushed?  carbonate  of  soda  and  diluted  hydrochlo- 

ric acid.  The  soda  is  first  dissolved  in 
water  and  incorporated  with  the  flour, 

Give  the  process,  after  which  the  diluted  acid  is  quickly 
kneaded  into  it.  The  stronger  acid  de- 
composes the  base,  soda,  and  the  carbonic 

The  formula.  acid  is  liberated.  Formula:  NaO,  CO^; 
HC1=H0  ;  NaCl ;  CO".     It  will  be  seen 

Name  the  result-  that  tlic  resulting  compounds  are  water, 

ing  compounds.  ^         ^    , 

common  salt,  and  carbonic  acid.  By  this 
mode  the  fibrin  and  sugar  are  saved,  to- 
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gether  with  that  portion  of  water  which 

is  not  driven  off  in  the  form  of  vapor. 

How  much  water,  Bread  Contains  ahout  one  sixth  part  of  its 

ill  the  solid  form,  .  i-  i    f 

does  bread  con-  weiglit  01  watcr  m  the  solid  lorm. 

tain  ?  ° 


As  the  student  of  this  neglected  branch  of  popular 
education  has  now  crossed  its  threshold,  it  is  to  be 
hoped  he  will  not  content  himself  with  having  mas- 
tered the  few  elementary  principles  embodied  in  the 
foregoing  pages,  as  the  greater  novelties  and  beauties 
of  the  subject  are  yet  to  be  unfolded.  By  becoming 
still  more  familiar  with  the  invisible  causes  which  pro- 
duce the  prominent  phenomena  of  chemical  science, 
he  will  be  irresistibly  led  to  behold  nature  in  the  light 
of  a  vast  chemical  laboratory,  performing  upon  a  grand- 
er scale  the  same  processes  that  the  chemist  so  suc- 
cessfully imitates  in  his  limited  sphere.  The  rain,  the 
dews,  the  snow,  the  hail,  the  breeze,  the  hurricane,  the 
water-spout,  the  earthquake,  and  the  volcano,  are  all 
phenomena  which  result  from  those  chemical  laws 
which  produce,  by  their  varied  action,  all  that  is  beau- 
tiful, terrible,  or  sublime  in  nature. 
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APPENDIX. 

Solution  of  Acetate  (Sugar)  of  Lead. 

To  2  oz.  of  water  add  a  quarter  of  an  oz.  of  acetate 

of  lead.     Allow  the  mixture  to  stand  one  hour,  during 

which  time  it  should  he  frequently  stirred  with  a  glass 

rod.     Pour  off  the  liquid  and  filter  it. 

Solution  of  Sulphate  of  Iron  (Copperas). 
Add  half  an  oz.  of  sulphate  of  iron  to  half  a  pint  of 
water.     Stir  the  solution  frequently,  and,  after  having 
stood  an  hour,  it  should  be  filtered. 

Infusion  of  Nutgall. 
Pulverize  a  light-colored  nutgall  in  a  non-metallic 
mortar,  and  add  4  oz.  of  water.     Stir  with  a  glass 
rod,  and  at  the  end  of  15  minutes  filter  the  liquid. 

Solution  of  Oxalic  Acid. 
Add  a  drachm  of  oxalic  acid  to  2  oz.  of  water. 

Solution  of  Potassa. 

To  2  oz.  of  water  add  a  quarter  of  an  oz.  of  potassa.* 

*  All  chemical  solutions  should  be  preserved  in  ground-stoppered 
jottles. 
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Solution  of  Sulphate  of  Copper  (Blue  Vitriol). 
Add  a  quarter  of  an  oz.  of  sulphate  of  copper  to  2 
oz.  of  water.  Allow  the  solution  to  stand  one  hour, 
and  filter  it.  A  few  drops  of  this  liquid  to  a  test-tube 
half  full  of  water  forms  the  solution  used  in  Experi- 
ment 5. 

Solution  of  Nitrate  of  Mercury. 
To  a  quarter  of  an  oz.  of  water  and  half  an  oz.  of 
nitric  acid  add  a  drachm  of  mercury.     Allow  the  liquid 
to  remain  8  hours,  and  pour  it  off  (decant). 

Solution  of  Alum. 
To  2  oz.  of  water  add  half  an  ounce  of  alum.     Al- 
low the  solution  to  stand  2  or  3  hours,  and  transfer  the 
liquid  portion. 

Solution  of  Bichromate  of  Potassa. 
To  2  oz.  of  water  add  4  grs.  of  bichromate  of  po- 
tassa. 

Solution  of  Iodide  of  Potassium. 
To  2  oz.  of  water  add  8  grs.  of  iodide  of  potassium. 

Solution  of  Bichloj-ide  of  Mercury. 
To  2  oz.  of  water  add  8  grs.  of  bichloride  of  mer- 
cury (corrosive  sublimate).     Allow  the  liquid  to  re- 
main 3  hours,  and  then  filter  it. 
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Infusion  of  Blue^  or  Purple  Dahlia. 
Pouf  warm  water  upon  the  petals  of  this  flower  un- 
til they  are  covered  with  the  hquid.     Allow  it  to  stand 
in  a  warm  place  for  several  hours,  when  it  may  be  fil- 
tered. 

Solution  of  Nitrate  of  Silver. 
To  2  oz.  of  water  add  a  drachm  of  nitrate  of  silver 
(lunar  caustic). 

Solution  of  Chloride  of  Calcium. 
Add  pieces  of  chalk  or  marble  to  2  oz.  of  hydrochlo- 
ric acid  until  effervescence  ceases.     Transfer  the  liquid 
portion. 

Litmus  Paper. 

Place  2  drachms  of  litmus  in  a  flask,  and  pour  over 
it  2  oz.  of  water.  Heat  the  mixture  nearly  to  boiling 
for  one  hour,  and,  when  cold,  filter  it.  Pass  strips  of 
white  unglazed  paper  through  the  blue  liquid  until,  on 
drying,  they  assume  a  decidedly  blue  color.  To  the 
remaining  solution  add  lemon-juice  gradually  until  it 
assumes  a  red  color.  Slips  of  paper  may  now  be 
drawn  through  this  until  they  are  red  when  dry.  The 
first  is  called  blue  test-paper,  and  the  last  red. 


THE    END. 


